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ABSTRACT
Investigating the Technological Pedagogical Content Knowledge (TPACK) and
Technology Leadership Capacities of K-12 Public School Principals
by Randall W. Depew
It is understood that principals play a key role the integration of computer
technology their schools, however there have been limited studies exploring the level of
technology knowledge and technology leadership skills possessed by school principals
and how these measures relate to each other. Technological pedagogical content
knowledge (TPACK) is a popular framework for understanding the teacher knowledge
required for effective technology integration. This framework has been used to study a
number of different populations including pre-service and in-service teachers in a variety
of grade levels, subject areas, and pedagogical contexts. This is the first time this
framework has been applied to school principals. Technology leadership capacity for this
study was defined by the ISTE Standards for Administrators, which define the skills
school leaders need to support the successful use and integration of computer technology.
The purpose of this study was to adapt and apply the TPACK framework to
school principals, to measure the technology leadership skills of those principals, and to
identify whether a relationship exists between the measures. This study employed two
distinct survey instruments that were delivered online. The Principal TPACK Survey
used in this study was adapted from an existing TPACK survey by Schmidt et al. (2009).
The Technology Leadership Inventory (TLI) is an original instrument developed to align
with and measure the leadership skills represented in the ISTE Standards for
Administrators.
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In addition to providing baseline data for principal TPACK and principal
technology leadership capacities, results indicate a strong positive correlation between
TPACK and their technology leadership capacities. Additionally, results indicate
principals are more knowledgeable of more traditional, non-technological conceptions of
pedagogy and content. Finally, because of the strong correlation between the two
measures, it is recommended that in order to improve the technology leadership ability of
principals, special consideration should be given to building knowledge emphasizing the
connection between technology, pedagogy, and content that is specific to classroom
contexts rather than more managerial applications.
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CHAPTER 1: INTRODUCTION
Over the past two decades digital technologies have changed virtually every
aspect of the way humans interact and learn in both social and business environments
(Foundation for Excellence in Education, 2010). Robert Safian (2012), writing in Fast
Company, defines the era as “Generation Flux,” a term coined to explain, “how the
dizzying velocity of change in our economy has made chaos the defining feature of
modern business” (para. 3). Individuals and communities are in an equal state of
agitation and flux as we adopt increasingly connected devices and make them central to
our lives. The emergent culture of the connected world is framed by widespread
participation, creation, and sharing through digital channels (Jenkins, Purushotma,
Weigel, Clinton, & Robison, 2009). However, in spite of the rapid increase in the power
of technological tools, the growing influence of these tools in business and in people’s
lives, and thousands and thousands of academic articles about the integration of
technology into schools, schools remain largely unchanged from the centuries old
tradition of students as “information consumers rather than problem solvers, innovators
and creators” (Shear, Gallagher, & Patel, 2011, p. 11). In addition, schools largely fail to
provide instruction consistent with the evolving needs of 21st century learners (Dufour &
Eaker, 1998; Foundation for Excellence in Education, 2010; Pan & Franklin, 2011),
including learning that is personalized, interactive, mobile, and that fosters a sense of
community (Arora & Friedman, 2009; Project Tomorrow, 2010).
One telltale indicator of the modern student’s desire for personalized, technologybased instruction is the tremendous growth seen in K-12 online and blended instruction
(Means, Toyama, Murphy, Bakia, & Jones, 2010; Natale, 2011; Staker, 2011; Wicks,

1

2010). Additionally, the cultural expectation of 21st century students is to be able to use
social networking and other Web 2.0 technologies to conduct research, complete school
assignments, learn new material, and communicate with peers and instructors (Pan &
Franklin, 2011; Project Tomorrow, 2010; Shear et al., 2011). However, in the face of
growing competition to traditional public schools from online schools and technology
driven charter schools, there exists a huge gap between teachers and students surrounding
the integration of information and communication technology (ICT) for both personal as
well as school-related tasks – a gap that contributes to the failure of schools to adapt to
the pedagogical demands of today’s students (Foundation for Excellence in Education,
2010; Project Tomorrow, 2010; Shear et al., 2011).
Schools today employ more technology than ever before. Access within schools
to Internet connected computers increased from 35% in 1994 to nearly 100% in 2005
with 97% of teachers having access to one or more computers in their classroom
(Ritzhaupt, Hohlfeld, Barron, & Kemker, 2008). However, teacher use of these
computers is overwhelmingly focused on administrative tasks and communication with
colleagues and parents (Ertmer et al., 2012), while instructional use is centered around
low level tasks, including word processing, exploring websites, drill-and-practice
activities, or to facilitate the maintenance of a teacher-centered classroom by using
projectors or interactive whiteboards to present information (An & Reigeluth, 2011;
Ertmer et al., 2012; Ottenbreit-Leftwich, Glazewski, Newby, & Ertmer, 2010; Shear et
al., 2011). This issue is further complicated by the inclination of teachers to view any
implementation of ICT into their classroom as student-centered – even though students
and observers often note no change in the pedagogical orientation of the class from
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teacher to learner-centered (Ottenbreit-Leftwich et al., 2010; Rienties, Brouwer, & LygoBaker, 2013).
Best practices for educational technology use promote student-centered learning
environments supporting inquiry and collaboration (Ottenbreit-Leftwich et al., 2010).
This represents a shift from the traditional role of students as consumers of information
into “problem-solvers, innovators, and producers” (Shear et al., 2011, p. 11) so that they
may draw conclusions and develop plans of action based on their newfound knowledge
(Wicks, 2010). There exist many reasons that most teachers have been unable to achieve
this vision of 21st century learning. These include a lack of time and resources (An &
Reigeluth, 2011; Ottenbreit-Leftwich et al., 2010), school culture (Ottenbreit-Leftwich et
al., 2010; Shear et al., 2011), technical support (Inan & Lowther, 2010), teacher beliefs
(An & Reigeluth, 2011; Ottenbreit-Leftwich et al., 2010), and tensions between the goals
of student-centered learning and the accountability demands of state and national testing
(Shear et al., 2011). Furthermore, while the number of pre-service and working teachers
who are Digital Natives, defined as the generation of young people brought up in
digitally rich environments (Jones & Shao, 2011), is increasing, most of these did not
experience a student-centered, technology based, K-12 education. Thus, most teachers
enter the profession with traditional teacher-centered instruction as their model for
learning and do not value the role of technology in addressing key learning needs to the
degree one might imagine (Funkhouser & Mouza, 2013).
Though this evidence and much literature suggests the implementation of
technology into classroom learning environments is a teacher issue, there exists clear
recognition that, due to their responsibilities including acquisition, support, and
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evaluation, school and district leaders represent a key factor in effective technology
implementation (Closen et al., 2013; Shear et al., 2011; Stuart, Mills, & Remus, 2009).
Additionally, similar to the technological gap between teachers and students that inhibits
technology use, there exist large gaps between the ICT knowledge of school
administrators and the pedagogical knowledge needed to effectively implement ICT
solutions for classrooms. Many principals and district leaders lack the technological
knowledge to make informed decisions about learning goals, infrastructure, or
professional development (Anthony, 2012), and the majority of school administrators
have had no specific training in instructional technology (Fletcher, 2009; Schrum,
Galizio, & Ledesma, 2011).
As schools move to more fully implement educational ICT aimed at increasing
student learning and meeting the cultural demands of 21st century students, it is critical to
understand both the technology knowledge and the technology leadership activities of
school administrators and how these two factors relate to each other. This more complete
understanding of the relationship of school administrators to classroom technology will
aid schools, districts, professional development providers and administrator training
programs in focusing on the knowledge, skills and capacities required for 21st century
school leadership needed to support 21st century learning.
Background
Learning in the 21st century classroom exists along a continuum between
traditional classroom-based instruction using commonplace, non-digital technologies to
improve student outcomes on one end and fully online education on the other (Mishra &
Koehler, 2006). Bakia, Shear, Toyama, and Lasseter (2012) define “online learning” as
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instructional environments supported by the Internet, both within and beyond schools,
providing access to instructional materials and facilitating interactions among teachers
and students. “Fully online learning” is a form of instruction in which all learning and
assessment is directed and carried out using the Internet. “Blended learning” allows
portions of instruction to be delivered both face-to-face and through the Internet (p. 2).
There are a number of substantial pressures on teachers and schools to rapidly
adopt technology-based instruction. 21st century students increasingly demand more
personalized, interactive and mobile learning opportunities (Arora & Friedman, 2009).
Project Tomorrow (2010) reports “over half of all the middle and high school students
cite ‘mobile computers for every student’” when describing their “ultimate school” (p.7).
The New Media Consortium’s Horizon Report poses critical challenges which put
pressure on schools to change, including the increasing demand for digital media skills in
virtually every discipline and profession, economic pressures from competitors to
traditional schools, and a demand for personalized learning that exceeds teacher and
school technology capacity to deliver (Johnson, Adams, & Haywood, 2011, p. 5). Closen
et al. (2013) suggest that to stay ahead of new competition “schools will need to move
toward multi-media networked presentations, augmented reality, and game-based
learning” (p. 6). All of this external pressure is compounded by the growing realization
by teachers of the critical differences between today’s students and those of even a
decade ago, with dramatically increased demand for new tools and methods that are
relevant to the lives of today’s youth (Ritzhaupt et al., 2008).
Partly due to these demands for personalization and digital tools and content, it is
evident that more and more students are moving to online education providers.

5

According to Staker (2011), enrollment in online courses has increased from 45,000 in
2000 to over 4 million students by 2010 (p. 1). Through these growth numbers and the
application of his idea of disruptive innovation, Harvard business professor Clayton
Christensen (2011) predicts that by 2018, 50% of all high school course work will
incorporate “online, student-centric learning” (p. 101) and, by 2024, 80% of courses will
be online and student centric (p. 102).
In addition to increased personalization of content, online education offers a
number of other significant advantages over traditional instruction. In a review of
literature sponsored by the U.S. Department of Education, Bakia et al. (2012) list, among
other advantages, broadening access to education, improved access to learning resources,
individualized and differentiated instruction, increased motivation, automation of routine
tasks that allows for better use of teacher and student time, the ability to demonstrate
competency more efficiently, and cost savings through the reuse of materials and
distribution of courses. Other authors note that online and blended learning offer the
potential for improved consistency and quality of instruction resulting from greater
oversight of course content (Huett, Moller, Foshay, & Coleman, 2008a), expanded course
offerings and credit recovery options (Wicks, 2010), improved data gathering and
analysis allowed by online assessments that can help teachers improve student learning
(Bakia et al., 2012; Foundation for Excellence in Education, 2010), and a reduction in
“the potential for, and occurrence of, social discrimination stemming from race, culture,
and other factors more predominant in the brick-and-mortar setting” (Mcfarlane, 2011, p.
5).
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In the face of pressures on schools and teachers to change instructional practices
to meet the needs of 21st century learners and respond to competitive threats from online
and other alternative education providers, and accompanied by an understanding that,
even in traditional classrooms, improved implementation of technology allows for
customized instruction to meet the needs of diverse learners (Foundation for Excellence
in Education, 2010; Horn & Evans, 2013; Natale, 2011), the majority of teachers still use
classroom technology for administration and communication tasks – not instruction
(Ottenbreit-Leftwich et al., 2010).
Best educational technology practices are defined as those that promote studentcentered learning described by authentic experiences, active engagement, the creation of
new products, and support for inquiry and collaboration (Ottenbreit-Leftwich et al.,
2010). In instances where technology is used in instruction, it is most often used to
support traditional, teacher-centered instruction even when teachers believed they were
being student-centered (An & Reigeluth, 2011; Ertmer & Ottenbreit-Leftwich, 2010;
Shear et al., 2011). Finally, despite living in a globalized, knowledge-based economy
that demands all students have information technology and communication knowledge
and skills in order to thrive, innovative teaching varies by student achievement and socioeconomic level with poor and low achieving students experiencing less innovative
teaching (Shear et al., 2011).
One reason posited for the gap between current technology use in schools and the
demands of the 21st century classroom is the focus of schools of education and teacher
training programs on the specific, discreet technological skills while “overlooking the
dynamic relationships between technology, pedagogy, and content” (An & Reigeluth,
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2011). Many argue that failure of past efforts at technology integration in K-12
classrooms can be traced to a tendency to stress the technology being used over other
critical parts of the classroom context, including students learning needs (Harris et al.,
2009; Kim, Kim, Lee, Spector, & DeMeester, 2013), how technology works in the
classroom (Tondeur, Hermans, van Braak, & Valcke, 2008), or how new technology
impacts teacher pedagogy (Ritzhaupt et al., 2008). One possible result of formulating
training for technology integration as something separate from the teaching and learning
is a reported gap between the relatively large amount of technology available in
classrooms and teachers’ actual use of that technology for instructional purposes. While
over 97% of teachers have access to one or more computers in their classroom (Ritzhaupt
et al., 2008), less than half report using technology during instructional time (Kopcha,
2012). Furthermore, Pan and Franklin (2011) report survey results of 379 K-12 teachers
that show Web 2.0 tools in the classroom, including blogs, wikis, podcasts, image sharing
and other collaborative tools are rarely, if ever used in the classroom. Ritzhaupt (2008)
writes, “it became clear that simply increasing computer access was not sufficient to
change teachers’ technology practices especially if this increased access was not
accompanied by a corresponding shift in teachers’ pedagogical beliefs” (p. 424).
At the core of the problem of technology integration is the fact that individual
domains of teacher knowledge have traditionally been addressed in isolation from other
domains (Harris et al., 2009b; Mishra & Koehler, 2006; Schmidt et al., 2009; Shulman,
1986). Shulman (1986) first formulated the concept of pedagogical content knowledge in
response to the treatment of content and pedagogy as mutually exclusive domains of
knowledge. Traditionally, content knowledge focused on specific facts and processes
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within a specific academic discipline and pedagogical knowledge focused on the
development of generic teaching strategies devoid of content considerations. Instead of
this separation, pedagogical content knowledge includes
“the most regularly taught topics in one’s subject area, the most useful forms of
representation of those ideas, the most powerful analogies, illustrations, examples,
explanations, and demonstrations – in word, the ways of representing and
formulating subject that make it comprehensible to others…some of which derive
from research [content], whereas others originate in the wisdom of practice
[pedagogy]” (p. 9).
In response to the increasing need to have a unified framework for teaching that
included effective technology use as a core competency, Mishra and Koehler (2006)
proposed the Technological Pedagogical Content Knowledge (TPACK) Framework as a
way to capture the essential qualities of teacher knowledge required for effective
technology integration. The TPACK framework builds on the work of Shulman by
emphasizing “the connections among technologies, curriculum content, and specific
pedagogical approaches, demonstrating how teachers’ understandings of technology,
pedagogy, and content can interact with one another to produce effective discipline-based
teaching with educational technologies” (Harris et al., 2009, pp. 396–397).
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Figure 1: The TPACK framework and its knowledge components. (tpack.org, 2012)
The TPACK framework (Figure 1) is composed of three interdependent
components of teacher knowledge: content knowledge (CK), pedagogical knowledge
(PK), and technological knowledge (TK). These components interact to create
pedagogical content knowledge (PCK), technological content knowledge (TCK),
technological pedagogical knowledge (TPK), and technological pedagogical content
knowledge (TPACK) (Mishra & Koehler, 2006). All of these interactions exist within
individual, school and district contexts. Mishra and Koehler (2006) describe each of the
categories and their relation to each other:
•

Content Knowledge (CK) is knowledge of the subject matter to be taught,
including knowledge of core facts, concepts, theories, and procedures within
the discipline (p. 1026).
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•

Pedagogical Knowledge (PK) is knowledge of the processes and practices of
teaching, including classroom management, lesson plan development and
delivery, student evaluation, and an understanding of cognitive, social and
developmental theories (p. 1026).

•

Technology Knowledge (TK) is knowledge of digital technologies and the
skills required to operate them. They include knowledge of operating systems,
computer hardware, software, and the ability to learn and adapt to new
technologies (p. 1027).

•

Pedagogical Content Knowledge (PCK) is knowledge what teaching
approaches fit the content, and likewise, knowing how content can be
arranged for better teaching.

•

Technological Content Knowledge (TCK) is knowledge of what technologies
are suitable for specific content, as well as how technology influences and
changes the nature of content (p. 1027).

•

Technological Pedagogical Knowledge (TPK) is the knowledge of
technological tools for specific classroom tasks such as record keeping, grade
books, data analysis, and content organization, as well as how technological
tools change the nature of teaching and the learning environment (p. 1028).

•

Technological Pedagogical Content Knowledge (TPACK) is the knowledge of
how technology, pedagogy and content interact in different contexts, such as
personal versus group learning, or biology versus social studies versus math
(p. 1028-1029).
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Teacher professional development as well as pre-service teacher training have
begun to be strongly influenced by the TPACK framework (Graham, Borup, & Smith,
2012; Schmidt et al., 2009). As a result, current best practices for teacher technology
training, call for a focus on technology knowledge and skills combined with clear
connections between the technology being used and the subject matter being taught
(Ertmer & Ottenbreit-Leftwich, 2010). Technology training needs to go “beyond the
technical aspects of ICT [information and communication technology] to offer explicit
guidance on it’s pedagogical purposes and uses” (Shear et al., 2011, p. 22). Teaching
technology skills in isolation does little to help teachers teach more effectively or use
technology appropriately to support learning (Harris et al., 2009).
There are many barriers to the improved implementation of educational
technology besides providing technology training in isolation from teaching practice.
These barriers are often classified as first and second-order barriers (Kim et al., 2013;
Ritzhaupt et al., 2008). First-order barriers are those external to the teacher and include
budget, time, access to technology, technical support, staff development, and
administrative support (Koc, 2013), as well as tensions between goals for studentcentered learning with technology and the accountability demands of state assessments
(Shear et al., 2011). Second-order barriers are internal to the teacher and include teacher
self-efficacy, beliefs about how students learn and the purpose of schooling, and
perceived value of technology to the student learning (Ritzhaupt et al., 2008).
The relative importance of the different barriers is not agreed upon, however.
Teacher belief systems were listed as the key barrier to effective technology integration
by a number of authors (Inan & Lowther, 2010; Koc, 2013; Ottenbreit-Leftwich et al.,
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2010) while Ritzhaupt (2008) reports “teacher attitudes and beliefs” as the third most
important factor behind “resources” and “teachers’ knowledge and skills” (p. 424).
Kopcha (2012) names the significant barriers to technology integration as “the level of
support they receive, their own beliefs about using technology for learning, and their
skills with using technology for instruction” (p. 1118). Celik and Yesilyurt (2013) write
that “attitudes and self-efficacy perceptions concerning computer supported education is
the primary factor to achieve success” (p. 149). Finally, An and Reigeluth (2011) list
“lack of technology and time, assessment, and institutional structures” as the barriers
perceived as most critical (p. 61).
In addition, it is widely recognized that the role of leadership is critical in
overcoming barriers and positively impacting the integration of technology by teachers
(Anthony, 2012; Closen et al., 2013; Shear et al., 2011; Tondeur et al., 2008). Schrum et
al. (2011) write, “no matter how much training teachers do receive, unless those teachers
have the leadership of their administrator, they may be unable to successfully use that
technology” (p. 242). Specifically, it is important that school leaders provide personal
support for teachers implementing technology (Tondeur, Hermans, et al., 2008), use their
pedagogical expertise to guide purchasing of technology (Anthony, 2012; Closen et al.,
2013), promote policy that enhances the utilization of technology (Hess & Kelly, 2007),
and provide visionary leadership, promote a school culture that embraces digital learning,
organize professional development, and collect data on the impact of technology on
school restructuring (Anthony, 2012).
This level of responsibility for school leaders regarding the integration of
technology is however, not in alignment with the kinds of training and experience
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possessed by school leaders. Many principals and district leaders lack the technological
knowledge to make informed decisions about learning goals, infrastructure, or
professional development (Anthony, 2012). Forty-eight states do not require
administrators to demonstrate technological knowledge or other experiences promoting
the integration of technology (Schrum et al., 2011), and the majority of school
administrators and district technology leaders have had no specific instructional
technology training (Fletcher, 2009; Schrum et al., 2011).
While the TPACK framework has been shown to be an effective way to examine
teacher knowledge, as well as plan professional development and effectively integrate
technology in the classroom (Harris et al., 2009b; Schmidt et al., 2009), there has been no
exploration of the role technological pedagogical content knowledge plays in effective
school and district leadership.
Problem Statement
Schools today are under tremendous pressure to rapidly implement studentcentered, technological-centered educational environments. Private and public K-12
online schools threaten to erode public school enrollment over the near term with over
four million students currently enrolled in online education with a compound annual
growth rate of 43% (Staker, 2011) and a prominent prediction by Harvard business
professor Clayton Christensen that 80% of all secondary classes will be online in a
decade (Christensen et al., 2011). Other significant pressures on ICT integration come
from business, universities and politicians (Johnson et al., 2011; Project Tomorrow,
2010).
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In most circumstances today, teachers are seen as primarily responsible for
implementing the needed changes, with innovation seen as “teacher-level phenomenon”
(Shear et al., 2011, p. 18). However, school principals’ control of budget, policy,
resources, technical support, professional development and the teacher evaluation process
has a tremendous impact on whether and how technology is ultimately integrated
successfully (Schrum et al., 2011; Shear et al., 2011). In addition, school principals are
often ill prepared to make effective decisions regarding technology and often have little
to no formal training in technology (Anthony, 2012; Closen et al., 2013; Schrum et al.,
2011). This gap between the technology knowledge of school principals and the requisite
responsibilities associated with technology leadership and associated decision-making is
important to understand.
The TPACK framework provides a powerful tool for understanding teacher
professional development needs as well as helping teachers conceptualize what good
technology teaching looks like (Harris et al., 2009b). However, while national
technology standards for administrators demonstrate the importance of advanced
knowledge of instructional technology for school principals (International Society for
Technology Education, 2009a), there have been limited studies of the relationship
between principals and school technology integration (Tan, 2010), and no reported effort
to apply the TPACK framework to understanding the role administrators play. The
application of the TPACK framework to school principals would allow a greater
understanding of the kinds of knowledge they possess surrounding technology and
learning. In addition to this basic understanding, it is essential to gain better insight into
the technology leadership capacities possessed by principals and how their TPACK
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relates to those leadership capacities. This increased awareness of principals’ technology
knowledge and leadership skills, and the relationship between the two, would aid in
better understanding the role principals play in the implementation of innovative, 21st
century technology based instruction.
Purpose Statement
The purpose of this quantitative descriptive and correlational study is to measure
K-12 public school principals’ technological pedagogical content knowledge (TPACK)
and their technology leadership capacities as defined by the ISTE Standards for
Administrators (International Society for Technology Education, 2009b). Further, this
study will identify if a relationship exists between the TPACK and technology leadership
capacity of principals currently leading schools in the San Francisco Bay Area. Lastly,
this study will test the internal consistency of the Technology Leadership Inventory
(TLI), a survey instrument developed for this study.
Research Questions
This study seeks to answer the following research questions:
1. To what degree do school principals possess technological pedagogical
content knowledge (TPACK)?
a. To what degree do school principals possess technology knowledge (TK)?
b. To what degree do school principals possess content knowledge (CK)?
c. To what degree do school principals possess pedagogical knowledge
(PK)?
d. To what degree do school principals possess technological content
knowledge (TCK)?

16

e. To what degree do school principals possess technological pedagogical
knowledge (TPK)?
f. To what degree do school principals possess pedagogical content
knowledge (PCK)?
2. To what degree do school principals possess the technology leadership
capacities defined by the ISTE Standards for Administrators in the domains of
1) visionary leadership, 2) digital age learning culture, 3) excellence in
professional practice, 4) systemic improvement, and 5) digital citizenship?
3. Are there significant correlational relationships between reported scores for
the seven TPACK subscales (TK, CK, PK, TCK, TPK, PCK, and TPACK),
and the five ISTE administrative technology leadership standard domains
(visionary leadership, digital age learning culture, excellence in professional
practice, systemic improvement, and digital citizenship) for school principals?
Significance of Study
The TPACK framework has become an important tool for exploring the complex
and dynamic connections between technology, pedagogical strategies and academic
content that produce effective teaching with technology (Harris, Mishra, & Koehler,
2009a). It has also been shown that principals who successfully lead technology
integration efforts have knowledge of technology, understand the role of technology in
the classroom and can model its use for learning (Baylor & Ritchie, 2002). This study
will add to the theory and literature regarding the TPACK framework by expanding the
application of the framework to include school principals. This application of the
TPACK framework provides a new way to explore the technology knowledge principals
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possess, and adds to a limited body of research addressing the technological knowledge
of school principals and its impact on technology integration (Tan, 2010).
Additionally, this study will add to theory and literature regarding technology
leadership by piloting a survey instrument to measure the degree to which principals’
possess the technology leadership capacities defined by the ISTE Standards for
Administrators (International Society for Technology Education, 2009b). Several recent
studies on principal technology leadership have relied on the Principal Technology
Leadership Assessment (PTLA) (Center for the Advanced Study of Technology
Leadership in Education, 2005) based on the first generation ISTE National Educational
Technology Standards (NETS) and Performance Indicators for Administrators published
in 2002 (International Society for Technology Education, 2002).
School district leaders, state and federal policy makers, and administration
training and professional development providers may gain valuable insight into both
principal TPACK and the technology leadership capacities possessed by school
principals. Understandings about the relationship between TPACK of principals and
their technology leadership could inform credentialing and training requirements. While
most school administrators receive “no training whatsoever in 21st century schooling”
(Fletcher, 2009, p. 22), there is an identified need to develop more effective technology
integration strategies by school leaders (Greaves, Hayes, Wilson, Gielniak, & Peterson,
2012). Professional development providers and administrative training programs may be
able to use these insights to design and provide professional learning opportunities
around the integration and use of classroom technology that better meets the needs of
principals and administrators in ways similar to how TPACK has begun to influence
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teacher professional development (Harris & Hofer, 2011; McGrath, Karabas, & Willis,
2011).
Definitions – Theoretical & Operational
Blended learning is learning that occurs part-time in a supervised location in the
real world away from home and part-time through online delivery with some control by
the learner over time, space, and/or pace (Staker, 2011).
Digital natives refers to the generation of individuals who have grown up after
1980 with regular access to digital tools and the Internet. Other terms with similar
meaning are Millennials and Net Generation (Margaryan, Littlejohn, & Vojt, 2011).
Information and Communication Technology (ICT) is an umbrella term that refers
to all computer-based and web-based tools that may be used to create, disseminate,
manage and store digital information (Doyle & Reading, 2012).
Virtual school refers to a school with no physical location and which use
computers and the Internet for all teaching and learning (Mcfarlane, 2011).
Online learning describes structured, instructor-led learning that may be either
synchronous or asynchronous and may be accessed from multiple settings including both
in-school and out-of-school environments (Wicks, 2010)
Technology integration refers to a set of strategies and practices surrounding the
use of ICT tools in the classroom to support teaching and learning (Harris et al., 2009b).
TPACK is the acronym for the technological pedagogical content knowledge
framework developed by Mishra and Koehler (2006).
Web 2.0 refers to open, dynamic web-based tools that allow the end-user to
interact and collaborate with other users in online environments (Pan & Franklin, 2011).
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Delimitations
This study will measure the TPACK and technology leadership capacities of K-12
public school principals. In addition, this study will identify whether a relationship exists
between principal TPACK and their technology leadership capacities. Delimitations of
this study were chosen to clarify and narrow the focus of the study. Chosen delimitations
include:
1. This study will be delimited to K-12 public schools. Excluded from this study
are private schools and other public schools serving pre-kindergarten or postsecondary students.
2. This study will be delimited to school principals only. Other site
administrative positions including assistant and vice-principals, technology
coordinators, and district administrative staff are excluded from this study.
Organization of Study
This study is presented in five chapters. The first chapter clarifies the background
of the problem, the statement of the problem, the purpose of the study, the research
questions, the delimitations of the study, and the definitions of terms. The second chapter
reviews the literature related to the TPACK framework, the technology knowledge and
expectations of secondary school administrators, and a review of the history of
classroom-based technology, 21st century learning and changing classroom pedagogy,
barriers to technology implementation, and professional development and training for
teachers and administrators. Chapter three reviews the research design of the study and
identifies the methodologies to be used to conduct the study and collect data. Chapter
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four will include the findings of the study. Chapter five will consist of a summary of
findings and will present conclusions and recommendations for policy and practice.
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CHAPTER 2: REVIEW OF LITERATURE
Introduction
The purpose of this study is to measure and investigate the relationships that exist
between the technological pedagogical content knowledge (TPACK) of public school
principals and their technology leadership skills as defined by the ISTE Standards for
Administrators. This chapter contains a review of literature related to this purpose. The
first two sections provide background into the pressures currently driving classroom
technology integration and the status of technology integration in schools. The third
section explores the barriers to technology integration including barriers specific to
teachers and administrators, as well as institutional barriers. The fourth section explores
research related to the role of school principals and leaders in the integration of classroom
technology, including the impact their personal technology knowledge and leadership has
on the process. Finally, the last section explores the history of and research related to the
TPACK framework.
Pressures on 21st Century Schools to Adopt Classroom Technology
There are intense pressures on the K-12 educational system to integrate ICT to a
greater and greater degree into learning, assessment, and teaching. These pressures come
from a variety of political, economic, and social sources, but all point to what the U.S.
Department of Education’s National Education Technology Plan promotes as a
“revolutionary transformation” of the educational system through a “model of learning
powered by technology” (2010, p. x). These pressures for transformation have not come
without the added pressure from investment. The President is leading a fundraising effort
that has raised billions of dollars of both large private donations and allocations of
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government resources in support of educational technology (Bidwell, 2014).
Additionally, the steady and dramatic improvement in student to computer ratio (National
Center for Education Statistics, 2012) indicates a strong priority for investment in
educational technology at all levels of the funding stream.
Reports about the saving graces of an educational future infused with technology
and the imperative of making things happen now are not hard to find. The Foundation
for Excellence in Education (2010) in their report Digital Learning Now, states “digital
learning is the great equalizer” (p. 5). The New Media Consortium’s Horizon Report
touts, “growing awareness within national governments that the traditional classroomfocused paradigm falls short in critical ways” which necessitate “competency-based
learning through the creative integration of technology” (Johnson, Adams Becker,
Estrada, & Freeman, 2014, p. 5). Project RED’s report on the factors that influence the
success of technology implementation programs in K-12 schools finds, “daily technology
use is a top-five indicator of better discipline, better attendance, and increased college
attendance” (Greaves et al., 2012, p. 18). The International Society for Technology in
Education (ISTE) developers of the widely referenced ISTE Standards, write in their
preamble to the Standards for Students, “digital age skills are vital for preparing students
to work, live and contribute to the social and civic fabric of their communities”
(International Society for Technology Education, 2014). Project Tomorrow, in their
report on the growth of and advantages found in bringing mobile technology to the
classroom, state “mobile devices have opened a new era in instructional and personal
productivity benefits for learners and educators” (Project Tomorrow, 2010, p. 8). The
Partnership for 21st Skills writes, “to be effective in the 21st century, citizens and workers
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must be able to exhibit a range of functional and critical thinking skills related to
information, media and technology” (Partnership for 21st Century Skills, 2011). This
widespread and open advocacy has important ramifications for both policy and spending
around classroom technology (Kong et al., 2014).
Built into the arguments for increasing classroom technology implementation is
the belief that proper implementation will address the skills gap between rich students
and poor students and between students of different ethnicities (Foundation for
Excellence in Education, 2010; Greaves et al., 2012; Shear et al., 2011). In order to
achieve this, however there is much to be done. It is shown in research that gender, race,
socioeconomic status, primary language, and location are all associated with disparities in
overall access to technology (Goode, 2010). While Thomas (2008) reports that the
digital divide related to hardware availability has closed in the school setting, a
significant gap in skill using technology exists between socioeconomic groups (D.
Thomas, 2008). An international study of teaching practices found that innovative
teaching practice tends to vary by student achievement level with more advanced students
getting exposed to more 21st century pedagogical strategies than students who are behind
(Shear et al., 2011, p. 19). In fact, based on results of a study of the relationship between
student socio-economic status (SES) and their attitude towards ICT, it has been proposed
that technology rich learning environments may actually increase the digital divide by
having students with ICT support at home being better able to take advantage of ICT
opportunities in school (Lebens, Graff, & Mayer, 2009). However, the more widely
referenced Project RED report states in its findings that “technology-transformed
interventions in ELL, Title I, special education, and reading intervention are the top-
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model predictor of improved high-stakes test scores, dropout rate reduction, course
completion, and improved discipline” (Greaves et al., 2012, p. 16). Belief in classroom
ICT as the great equalizer may account for the dramatic increase in student-to-computer
ratio in low SES schools. While overall student-to-computer ratios in K-12 public
schools decreased by 113% (6.6 to 3.1) between 2000 and 2008, the ratio in low SES
schools decreased by 184% (9.1 to 3.2) in the same time frame (National Center for
Education Statistics, 2012) bringing the ratio of students-to-computers in low SES
schools very nearly in line with the national average.
The school accountability movement and demands associated with new state and
national testing programs also create considerable pressure on schools to further
implement technology into the classroom. However, in its original form, the high-stakes,
traditionally designed accountability measures associated with the No Child Left Behind
Act existed in opposition to innovative teaching with technology (Shear et al., 2011).
Salpeter (2003) noted the need to for assessments that measure 21st Century skills, which
include the ability to use technology for a wide variety of learning tasks. In response to
demands associated with the 21st Century schools movement, the Common Core State
Standards (CCSS) were adopted to better align with college and work expectations and
focus on application of knowledge with higher-order skills (Conley, Drummond,
Gonzalez, Rooseboom, & Stout, 2011). Although the content of the CCSS removed
some of the conflict between assessment and innovative teaching practices (Kyllonen,
2012), the real influence over classroom technology comes from new requirements that
demand every student have access to a computer for testing as well as significantly
increasing demands on infrastructure and bandwidth (Duffey & Fox, 2012). The Pioneer
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Institute estimates that the seven year cost of implementing the Common Core state
assessments will be approximately $15.8 billion across participating states with almost $7
billion tied to investments in technology and infrastructure and another $5 billion for
professional development, much of which is associated with the new technology
requirements (AccountabilityWorks, 2012).
Another pressure on traditional K-12 schools to be more innovative with
technology arises from growing competition from non-traditional schools offering online
and blended online instruction. By the end of 2010, forty-eight of fifty states provided
full-time online learning to at least some students (Natale, 2011), with reports that by
2010 over four million students were participating in formal online learning programs
either part or full time with a compound annual growth rate of 43 percent (Staker, 2011).
In response to today’s students who are demanding more and more personalized,
interactive and mobile learning opportunities (Arora & Friedman, 2009), online and
blended online programs offer a move towards a competence based system with much
finer customization, greater effectiveness, and a move away from a one-size-fits-all
model of schooling (Horn & Evans, 2013). According to a report on the challenges of
developing the online teaching force needed to meet increasing demands, thirty-eight
percent of high school students and thirty-three percent of middle school students are
interested in taking online courses to meet college or graduation requirements (Natale,
2011). This translates to millions of potential new enrollments based on 2012 total K-12
public school enrollment of 49.7 million and enrollment in grades 9 to 12 of 14.7 million
(National Center for Education Statistics, 2013). Furthermore, based on his model of
disruptive innovation, Clayton Christensen (2011) predicts that by 2018 fifty percent of
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all high school coursework will incorporate aspects of online, student-centered learning
and by 2024 eighty percent of high school courses will be online. The 2014 Horizon
Report lists increasing implementation of hybrid learning designs, including blended
learning, and a redesign of the school day through the introduction of “future learning
environments” as two of the critical current trends driving the implementation of
educational technology (Johnson et al., 2014).
In addition to student-centered advantages, many authors indicate online and
virtual schools offer tremendous advantages in terms of cost over traditional brick-andmortar schools (Bakia et al., 2012; Cavanaugh, Gillan, & Kromrey, 2004; Mcfarlane,
2011; Natale, 2011; Staker, 2011; Wicks, 2010). A US Department of Education report
on online learning’s relationship to educational productivity reports consistent savings
associated with online learning including an annual national savings of $2.2 billion on
copying costs alone (Bakia et al., 2012). Per pupil expenditures are also reported to be
lower for virtual and online schools. The Wisconsin Legislative Audit Bureau published
a report showing the average 2007-08 per-pupil cost for students enrolled in the state’s
virtual schools of $5,779 compared to $10,155 for students enrolled in other public
schools (Stuiber, Hiorns, Kleidon, La Tarte, & Martin, 2010). Further research sponsored
by the Center for American Progress reports per-pupil expenditures at 20 full-time virtual
schools of $4,310 compared to the 2006-07 national per-pupil average of $9,683
(Cavanaugh, 2009).
While there have not been enough experimental or quasi-experimental studies to
draw strong conclusions about the impact of online education on student learning (Means
et al., 2010), initial results indicate that there is no significant difference in learning

27

results based on whether instruction is delivered face-to-face or online (Huett, Moller,
Foshay, & Coleman, 2008b). These results have led some to the conclusion that if results
are the same, transformation of the American education system to one that favors and
promotes online education could be justified simply on the basis of cost-savings (Means
et al., 2010).
Current Status of Classroom Technology Integration
In response to the social, political, economic and competitive pressures on schools
to integrate technology into the classroom, school systems over the past two decades have
focused significant resources on the acquisition of technology for the classroom (Kleiner,
Thomas, & Lewis, 2007). By 2005 schools’ access to the Internet had increased to nearly
100%, up from 35% in 1994 (Ritzhaupt et al., 2008). The student to computer ratio in
American public schools decreased from 12.1:1 in 1998 to 3.1:1 in 2008, while the total
number of Internet connected instructional computers increased to over 15 million with
an average of over 300 computers per secondary school (National Center for Education
Statistics, 2012). Ninety-seven percent of all teachers had access to one or more
classroom computers and 58% of schools had laptop carts (Gray, Thomas, Lewis, & Tice,
2010). There has also been an increase in ICT devices aside from computers. By 2008
98% of schools had LCD projectors for instructional use, 73% had interactive
whiteboards, 93% possessed digital cameras, and 31% had a fulltime staff member
supporting technology in the school (Gray et al., 2010). The continued priority being
placed on investment in technology by schools is further evidenced by the high priority
schools and districts are placing on the implementation of 1-to-1 computer initiatives,
with well-publicized 1-to-1 efforts in some of America’s largest districts including
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Houston and Los Angeles (Fairbanks, 2013; Herold, 2014). Even with decreasing or
stagnant school spending, US spending on educational hardware grew at a rate of eleven
percent between 2012 and 2013 and worldwide spending is expected to rise from a
current level of $13 billion to $19 billion by 2019 (Nagel, 2014).
However, despite a fast moving trend towards universal computer access for
students in classrooms, it is widely understood that the educational use of ICT by
teachers in classroom lags behind their access to ICT (Foundation for Excellence in
Education, 2010; Kleiner et al., 2007; Kopcha, 2012; Ottenbreit-Leftwich et al., 2012;
Pan & Franklin, 2011; Shear et al., 2011). Historically, ICT has been placed in schools
with little thought to how it would lead to student learning with policies demonstrating a
belief that the physical presence of ICT would lead to improved student learning (Brooks,
2011; Duttdoner, Allen, & Corcoran, 2005; Ritzhaupt et al., 2008). However, the
increased presence of computers has not been met with corresponding increases in uses
that promote student learning. ITL Research’s international study of innovative teaching
notes a gap between the skills expected of students in school versus those expected
outside school, and reports that ICT use is a teacher level phenomenon that varies widely
both between and within schools (Shear et al., 2011). The National Center for
Educational Statistics reports less than half of surveyed teachers report using technology
often during instruction (Gray et al., 2010). In addition to low classroom use, Pan and
Franklin (2011) also report a gap between teachers and students use of technology for
personal learning outside of the classroom. A study investigating teachers’ attitudes
towards ICT use in the classroom identified a conflict between teacher strong positive
attitudes towards the use technology and their actual use, with teachers in the study
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reporting that on average they rarely use technology (Sánchez, Marcos, González, &
GuanLin, 2012).
There is agreement that maximizing student learning with technology requires a
shift from teacher-centered to student-centered pedagogy with an inquiry-based focus on
collaboration, publishing, problem solving, and changing relationships between student
and teacher (Brooks, 2011; Ertmer & Ottenbreit-Leftwich, 2010; Ottenbreit-Leftwich et
al., 2010; Pearlman, 2009; Ritzhaupt et al., 2008; U.S. Department of Education, 2010).
However, when technology is employed by teachers in the classroom it is most
commonly used for administrative tasks including grading, attendance and
correspondence (Kopcha, 2012). Instructional technology is mostly teacher-centered and
most commonly used to present information (Shear et al., 2011). In a majority of
classrooms, student use focused on low-level curricular tasks such as drill and practice
activities, tutorials, testing, word processing, or finding information on the Internet (Gray
et al., 2010; Ottenbreit-Leftwich et al., 2012; Shear et al., 2011). While research has
shown that multimedia and interactive technology that promotes collaboration can
increase accessibility and comprehension of content (Bakia et al., 2012), and despite the
almost universal access to Web 2.0 tools for collaboration, blogging, wiki creation,
podcasting, social networking and other media creation activities, teachers report
virtually no use of these tools for instruction (Pan & Franklin, 2011; Ritzhaupt et al.,
2008).
Barriers to Technology Integration in the Classroom
The barriers preventing effective integration of technology into the classroom
environment have been extensively studied and reported on in academic literature. In a
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review of studies on barriers to technology integration, Hew and Brush (2006) identified
123 barriers which they placed in six broad categories:
1. Lack of resources, including technology, time, and technical support,
2. Lack of specific technology knowledge and skills, including pedagogical
knowledge, classroom management skills,
3. Institutional barriers, including leadership, the school’s time table, and
planning,
4. Teacher attitudes and beliefs about technology, including personal,
professional, and philosophical dimensions,
5. Assessment practices that cause technology to be viewed as an instrument for
facilitating assessment practices rather than learning, and
6. Cultural components of academic subjects that support traditional notions of
teaching and learning.
Most authors broadly categorize barriers as either first-order or second-order
barriers with respect to the teacher (An & Reigeluth, 2011; Ritzhaupt et al., 2008). Firstorder barriers are those of an institutional or cultural nature and are beyond the direct
control of the teacher. These include budget, time, access to classroom technology,
technical support, professional development, administrative support, school culture,
institutional policies, and the demands created by assessment (An & Reigeluth, 2011;
Koc, 2013).
School culture is a critical first-order barrier to technology integration. A study of
primary school leaders in Belgium found that schools with greater structural and cultural
characteristics had a higher frequency of educational technology use (Tondeur, Devos,
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Van Houtte, van Braak, & Valcke, 2009). Other cultural components of a school
environment impacting technology include perceived institutional and/or peer pressure,
both positive and negative, towards the use of technology (Miranda & Russell, 2011), the
strength of the school’s vision for technology integration (Ertmer & Ottenbreit-Leftwich,
2010), the cultural entrenchment of traditional modes of instruction (Pearlman, 2009)
combined with existing hegemony of discrete subject areas (Fluck & Dowden, 2011), and
a supportive organizational culture that includes a collegial work environment (Donnelly,
McGarr, & O’Reilly, 2011).
Tension between goals for innovating classroom instruction and the demands of
accountability is another significant first-order barrier. As noted above, analysis of the
barriers to technology integration found negative pressures associated with high stakes
testing constituted a significant barrier to technology integration (Hew & Brush, 2006),
and acted to create in teachers, “a single-minded focus on avoiding sanctions,
accompanied by a fear to attempt anything new or untried” (Schoen & Fusarelli, 2008, p.
192).
Inan & Lowther (2010), in a study exploring the relationship between individual
and environmental factors and technology integration, found all first-order, school-level
factors (availability of computers, technical support, and overall support) had a
significant positive indirect effect on technology integration, however, only teacher
readiness (second-order), teacher beliefs (second-order) and computer availability (firstorder) had significant positive direct effect on technology integration at the classroom
level (Inan & Lowther, 2010). Other research, with adjustments to language used, is in
agreement that these three factors are the most critical variables in technology
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integration. Petko (2012) identifies the critical factors as a positive teacher attitude about
classroom technology, teacher skill, and sufficient access to technology. Kopcha (2012)
states integration is heavily dependent on the level of support teachers receive, their
beliefs about technology, and their skills using technology for instruction. Finally, in the
review by Hew and Brush (2006), the authors identified 40 percent of barriers as
associated with restrictions on resources, 23 percent associated with limits to knowledge
and skills, and 13 percent associated with conflicting attitudes and beliefs.
Teachers today are increasingly expected to possess a wide variety of new
knowledge and skill including teaching software to students, selecting appropriate
computer applications and hardware, and managing classroom hardware and software
(Ertmer & Ottenbreit-Leftwich, 2010), as well as engaging students with technology,
personalizing learning using technology, teaching online content and managing students
in the new learning environment (Foundation for Excellence in Education, 2010).
The resulting widespread need to develop the knowledge and skills teachers need
to support the implementation of technology, indicates the quality and nature of
professional learning opportunities are critical to successful implementation (Anthony,
2012; Dawson & Rakes, 2003; Kim et al., 2013; Ritzhaupt et al., 2008; Tondeur,
Hermans, et al., 2008). Most professional development supporting ICT integration
focuses on discreet technical knowledge and skills with little or no consideration of the
pedagogical orientation of the teacher and the content they teach (An & Reigeluth, 2011)
– a strategy that has been shown to be ineffective (Duttdoner et al., 2005). It is
recognized that technology professional development that lacks specificity of how to
transform teaching can even limit ICT integration (Anthony, 2012), and “one-shot
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workshops” where teachers are left to implement ICT innovations on their own show no
significant long-term change in classrooms, with increased cynicism and frustration for
teachers regarding change (Dawson & Rakes, 2003, p. 31). However, it may be surmised
that the gap between access and use of instructional ICT indicates that present
professional learning efforts are largely falling short. Kopcha (2012) identifies a “current
and pressing need for research on situated professional development in K-12 settings that
improves…teachers’ instructional practices with technology” (p. 1110)
In addition to an individual’s knowledge and skill, self-efficacy regarding the use
of technology, knowledge of technology and how to use it for instruction, pedagogical
orientation, computer anxiety and teacher belief systems have all been identified as
influencers of a teacher’s use of technology in the classroom (Baloğlu & Çevik, 2009;
Ertmer & Ottenbreit-Leftwich, 2010; Morris, 2010; So, Choi, Lim, & Xiong, 2012).
Beliefs are defined by Petko (2012) as “a subjective element of knowledge that an
individual considers true and important in relation to a specific subject” (p. 1354). For
teachers attempting to integrate technology into their classroom, these beliefs are based
on their evaluation of whether or not technology can help them achieve the goals they see
as most important (Ottenbreit-Leftwich et al., 2010). Teacher beliefs towards ICT
integration can be either positive or negative (Petko, 2012) with both being consistently
identified as a significant factor towards technology adoption (Ertmer & OttenbreitLeftwich, 2010; Kim et al., 2013; Koc, 2013; Kopcha, 2012; Ritzhaupt et al., 2008).
However, even though each of the above factors is identified separately, it is clear
form the research that these factors also act in complex and interconnected ways.
Computer anxiety for teachers often results from providing teachers technology and
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expectations for its use but failing to provide support in the ways they need (Aldunate &
Nussbaum, 2013). In a study of 471 pre-service teachers Celik and Yesilyurt (2013)
found that a teacher candidate’s attitude towards technology was a significant predictor of
their self-efficacy and their level of computer anxiety. And, when compared together,
attitude towards technology, self-efficacy and computer anxiety positively and
significantly affect the adoption of classroom technology. In another demonstration of
interconnectedness, a study of 1200 Dutch primary and secondary educators use of digital
learning materials (DLMs), found that both a teacher’s self-efficacy and their attitude
towards technology were positively related to a teacher’s previous use of DLMs, use of
DLMs by their teaching colleagues, and their perceived knowledge and skills. Teacher
attitude, in turn, is then the strongest predictor of the level of classroom technology
integration (Kreijns, Van Acker, Vermeulen, & van Buuren, 2013). In a study of 1,382
Tennessee public school teachers, Inan and Lowther (2010) found technology integration
was directly and significantly related to computer availability, teacher beliefs and teacher
readiness, with teacher readiness having the largest effect. However, both teacher
readiness and teacher beliefs were significantly related to computer proficiency, overall
support, technical support and computer availability. Prestridge (2012) studied the
influence beliefs had on the ICT practice of Australian Catholic School teachers and
found that teachers with the highest skill employed student-centered and constructivist
pedagogies. However, the majority of teachers were operating at a foundational level in
which ICT use is categorized as basic and teacher-centered, with little or no development
by the teacher regarding how technology can be employed to enhance learning.
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A study of 225 student teachers in Korea and Singapore explored the relationship
between past experiences with ICT, pedagogical beliefs, and attitudes towards ICT use in
education. Results showed that all three positively impacted prospective computer use
with attitude having the largest single effect. An interesting additional finding showed
that a teacher’s orientation towards constructivist pedagogy significantly influenced their
computer use, computer self-efficacy, and attitudes towards computers in education with
an additional direct effect on the candidate’s prospective computer use (So et al., 2012).
The connection between teacher pedagogical orientation and classroom computer use is
also addressed in a study of 574 Belgian elementary school teachers that demonstrated
teachers with high constructivist beliefs show a higher frequency of educational computer
use. In addition, the pedagogical orientation of the teacher also predicts the kinds of
computer use the teacher will engage in, with teachers of a traditional teaching profile are
more likely to use computers for drill-and-practice or other kinds of more prescriptive
uses of computers while teachers with a constructivist profile tend toward more
autonomous and student-directed uses of computers (Tondeur, Hermans, et al., 2008).
Finally, a study of 727 Chinese pre-service teachers reinforces the positive correlation
between constructivist pedagogy and ICT integration, as well as with individual ICT selfefficacy and attitudes towards ICT use (Sang, Valcke, Braak, & Tondeur, 2010).
The “will, skill, tool” model, developed by Knezek, Christensen, Hancock, &
Shoho (2000), had shown in previous studies that 90% of the variance of ICT integration
in the classroom is defined by those three variables (Petko, 2012). Petko’s (2012) study
of 357 Swiss secondary teachers confirmed the validity of the model and noted that the
strongest component of the factor “will” was how strongly teachers believe in the

36

potential benefits of digital tools in improving student learning. This aligns with the
model promoted by Aldunate and Nussbaum (2013) which poses two variables, perceived
usefulness and perceived ease of use, teachers consider when choosing whether or not to
adopt ICT in the classroom. In a study exploring the technology implementation
practices of teachers, Means (2010) found that most educators will expend the effort
necessary to implement ICT only when they are convinced of significant payoff in terms
of student learning (p. 287). Though it should be noted that, considering the initial loss
of productivity associated with the adoption of new tools, teachers must possess strong
enough beliefs to tolerate a phase when no direct benefits are obtained (Aldunate &
Nussbaum, 2013). Finally, it is reported that if teachers are pressured to change their
educational beliefs in order to integrate ICT then they are more likely to resist adopting
ICT (Tondeur, Hermans, et al., 2008).
Donnelly et al. (2011) propose a model (Figure 2) identifying four types of
teachers in terms of the ways their beliefs and knowledge relate to technology integration.
The four types – Contented Traditionalist, Selective Adopter, Inadvertent User, and
Creative Adapter – are defined by the intersection of their pedagogical beliefs (x-axis)
with their own self-efficacy regarding technology (y-axis). The Contented Traditionalist
is focused on the requirements of assessment in a teacher-centered environment with
limited ICT use due to their own lack of skills and lack of belief that their actions would
inspire change. At the other end of the spectrum, the Creative Adapter believes in
student-centered, learning focused pedagogy, has high personal ICT skill and is
empowered to make changes in their practice that they believe benefit students. This
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model is helpful in identifying pathways to move teachers to higher levels through a
combination of pedagogy and ICT self-efficacy.

Figure 2: Teacher ICT integration model. (Donnelly et al., 2011)
In terms of mechanics, a number of strategies have been identified for improving
teacher self-efficacy including allowing teachers to play with technology, focusing on
teachers’ immediate needs through small, successful experiences, connecting teachers to
peer mentors, participating in professional learning communities, and situating
professional development within the context of teachers’ work (Ertmer & OttenbreitLeftwich, 2010).
Because of the recent nature of the ICT revolution and the fact that “Digital
Natives” are now entering the teaching force, there has been interest in understanding if
the ICT instructional knowledge and skills of teachers is related to the age and experience
of teachers (Fluck & Dowden, 2011; Hammond, Reynolds, & Ingram, 2011; Inan &
Lowther, 2010; Kumar & Vigil, 2011; Moore-Hayes, 2011; Pamuk, 2012; So et al.,
2012). Inan and Lowther (2010) found that both age and teaching experience had a
significant negative correlation to computer proficiency, and teaching experience was
also negatively correlated with a teacher’s readiness to use technology. However,
Moore-Hayes (2011) found no difference between pre-service and in-service teachers
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with respect to their classroom technology self-efficacy with both groups scoring low on
evaluation and selection of learning software, as well as “why when, and how to use
technology in education” (p. 8). Multiple authors have demonstrated that personal ICT
skills competence does not translate directly into the ability to teach with ICT (Fluck &
Dowden, 2011; Kumar & Vigil, 2011; Pamuk, 2012), although Hammond et al. (2011)
found that even though younger teachers lacked pedagogical sophistication, they were
more likely to use ICT. However, So et al. (2012) caution that their findings show more
heterogeneity among members of the “Net Generation” than anticipated and generational
generalities about ICT skills are problematic (p. 1244).
One challenge faced by younger teachers is that training programs are still focus
on traditional stand-alone, text-based instruction in self-contained classrooms (Huett et
al., 2008b; Resta & Carroll, 2010) largely because “we don't yet know how to teach selfdirection, collaboration, creativity, and innovation the way we know how to teach long
division” (Rotherham & Willingham, 2009, p. 18). Tondeur et al. (2012) report that,
rather than the generation of the teaching candidate, the quality and quantity of preteaching ICT experiences are the most significant factor in classroom adoption of ICT
and that there is a gap between their training and expectations they face in real
classrooms. Chesley and Jordan (2012) conducted focus groups with beginning teachers
from 17 universities who reported that the use of technology was limited in their preservice programs and training in how to integrate technology into teaching was virtually
non-existent.
From the literature, it is clear that while there is, with some adjustments for
language and labels, general agreement about the nature and importance of second-tier
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barriers to technology integration. These factors include teacher beliefs about technology,
teacher technology skill, self-efficacy regarding technology use, computer anxiety,
pedagogical orientation, age, experience and the nature and quality of professional
training. However, it is also clear that the interplay of second-order factors with each
other and with first-order barriers are complex. Ultimately, as Miranda and Russell
(2011) state, “Essentially teachers who have more access to technology and who have
more experience with technology appear to be more comfortable with technology and,
therefore, use technology more frequently” (p. 304).
The Role of School Administrators In Technology Use and Integration
In their technology standards for administrators the International Society for
Technology in Education (2009b) state it is an administrator’s responsibility to 1) provide
visionary leadership, 2) promote digital age learning and model the effective use of
technology for learning, 3) allocate time and resources for ongoing professional learning
in technology fluency and integration, 4) build a culture of continual improvement, and
5) model appropriate online interactions and promote digital citizenship. The literature
has identified several significant sets of knowledge and skills needed by principals in
order to lead ICT adoption and integration that align closely with the standards. These
include the ability to make informed decisions about equipment, infrastructure, and
teacher professional development (Anthony, 2012; Dawson & Rakes, 2003), manage
technology related policies (Brooks, 2011; Tondeur, van Keer, van Braak, & Valcke,
2008), provide pedagogical and other supports to teachers (Closen et al., 2013; Dawson
& Rakes, 2003). From a review of empirical studies on the role of leadership Tan (2010)
identified infrastructure change, organizational and policy change, pedagogical and
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learning change, and cultural change as four areas of change school leaders can enact.
Finally, Anderson and Dexter (2005) summarize skill sets associated with strong
technology leadership and identify a large number of specific responsibilities that fit
within these categories, including
•

Maintaining their own knowledge and use of technology,

•

Providing professional development opportunities for teachers,

•

Maintaining a school-wide vision for the role of technology in the school,

•

Supporting the classroom use of technology,

•

Assessing and evaluating the role of technology in the classroom and for
administrative tasks,

•

Ensuring equity and access for all students, and compliance with school policy
and the law,

•

Mediating the role technology within the school and community cultures,

•

Using technology to bridge the gap between school and stakeholders.

Technology integration is most often considered a teacher-level problem to be
remedied by addressing the readiness, beliefs and needs of teachers (Drent & Meelissen,
2008; Inan & Lowther, 2010; Tondeur, Hermans, et al., 2008). However, it has been well
demonstrated that school principals play a significant and complex role in the integration
of technology in their schools (Anderson & Dexter, 2005; Baylor & Ritchie, 2002;
Dawson & Rakes, 2003; Means, Padilla, DeBarger, & Bakia, 2009; Pelgrum, 2001;
Schrum et al., 2011; Shear et al., 2011). A review of empirical studies relating
technology and school leadership revealed technology leadership is a stronger predictor
than both technology infrastructure and resource availability for the frequency of student
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and teacher use of technology, as well as the extent to which students use ICT for
academic work (Tan, 2010).
Specifically, Baylor and Ritchie (2002) studied the impact of several factors,
including leadership, on teacher competency and technology integration in 94 schools
and report a significant correlation between the leadership of principals “who actively
use, model and reward teachers who infuse technology into their curriculum” (p. 412)
and the level of technology integration in their schools. Anderson and Dexter (2005), in
a study of data from 698 American schools, found that technology leadership had a
greater impact on technology integration than does expenditures on infrastructure or
technology. Dawson and Rakes (2003) survey of 1,104 public and private school
principals revealed that a school’s level of technology integration was directly influenced
by both the amount and type of technology training received by the principal. Miranda
and Russell (2011) analyzed data from 21 Massachusetts school districts and found, at the
school level, the strongest predictor of student technology use was the principal’s
reported use of technology which impacted both teacher beliefs about technology and
perceived pressure felt by teachers to adopt technology in their classrooms. In addition,
leaders with a clearly defined vision and plan for technology increase the frequency of
ICT use (Miranda & Russell, 2011). A study of schools who attained above-average
student gains versus schools who had below average gains using educational software
found the majority of high achieving schools had principals directly involved in
supporting the software implementation through the implementation of a vision for
technology, allocating resources directly to classrooms, and providing opportunities for
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teachers to gain proficiency, while the majority of low achieving schools did not have
principals who intervened in these ways (Means, 2010).
It is understood that integrating instructional technology to its fullest potential
requires a complete transformation of the classroom-learning environment and greater
school structures (U.S. Department of Education, 2010). Research has shown that,
contrary to the old view that technology would lead directly to increased student learning,
student learning gains with technology are only seen when accompanied by
organizational changes (Bakia et al., 2012). However, Anthony (2012) reports teachers
are less likely to implement ICT in the classroom when simultaneously dealing with other
initiatives.
It is therefore logical that a principal’s leadership style has also been shown to
have a significant impact on ICT usage. In their study of technology and leadership,
Anderson and Dexter (2005) noted “where technology had diffused the farthest
throughout the school, the principal’s change-facilitation style was that of ‘initiator’” (p.
54). This label refers to the framework reported by Hall, Rutherford, Hord, and Huling
(1984) that defined principal change facilitation styles as either responder, manager, or
initiator. While Responders depend on others to initiate and lead change and Managers
use a more collaborative style of leadership relying on shared decision making, Initiators
have strong personal beliefs, a clear vision connected to future goals and work directly to
manage the change process. The authors, in evaluating the effectiveness of the different
styles note that if positive teacher perception of their work environment was most
important, the manager style was more effective, but if the focus was on success of the
change implementation, the initiator style was most effective (Hall et al., 1984). This
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model is reinforced by Tondeur’s (2008) finding that principals who perceive their role in
efforts to integrate technology to be that of a facilitator often lack a comprehensive ICT
plan and believe they have limited personal impact on ICT decisions. This is critical
because the study confirmed that teachers in schools with explicit ICT plan use
technology more regularly for teaching (Tondeur, van Keer, et al., 2008).
A principal’s change leadership ability was one of the key factors in the Project
RED national study of the factors that contribute to measured success of educational
technology. Of the nine critical factors listed, the change management leadership by the
principal was the second most important, and included the ability to:
•

Practice skillful change leadership focused on real system reform

•

Possess both a conceptual and tactical understanding of the role technology
play in learning

•

Communicate a shared vision and manage stakeholder buy-in

•

Lead planning for acquisition, implementation and assessment of technology

Because of this critical leadership role school principals hold that drives student
and teacher performance, the report recommends change leadership training for
principals is of critical importance (Greaves et al., 2012).
Transformational leadership practice is also positively connected to ICT
integration. In a study of 80 teachers from Singapore, Ng (2008) identified eight
dimensions of transformational leadership: 1) identifying and articulating a vision, 2)
fostering acceptance of group goals, 3) providing individualized support, 4) offering
intellectual stimulation, 5) providing an appropriate model, 6) creating high performance
expectations, 7) strengthening school culture, and 8) building collaborative structures (p.
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5). Results demonstrate that all eight of the leadership dimensions have a significant and
positive influence on ICT integration by teachers (Ng, 2008). Furthermore, Afshari,
Ghavifekr, Siraj, and Samad (2012) in a study of 320 Iranian school leaders, found
strong, positive relationship between computer competence and principals who possess
transformational leadership skills. Thus, in addition to exhibiting strong values and the
ability to motivate people to adopt new practices, principals with greater transformational
leadership skills were more likely to possess the necessary technology skills to act as role
models for the effective use of technology (Afshari et al., 2012).
However, in spite of the demonstrated importance of principals in the process of
technology adoption and integration, it has been widely suggested that school leaders
lack the knowledge and experience required to effectively support educational
technology. An important factor impacting the role principals ultimately play is the total
lack of educational technology training received by most principals which can lead to a
lack of knowledge and perceived power to impact change around technology (Anthony,
2012; Fletcher, 2009). Forty-eight states have no specific requirements for the
administrator ICT knowledge prior to licensure, the remaining two states have only vague
requirements (Schrum et al., 2011). Other studies have shown that principals perceive
their own impact on the degree of ICT integration in their schools as limited (Tondeur,
van Keer, et al., 2008), and that even when they are knowledgeable about ICT, they
report low levels of involvement with ICT projects and management of ICT in their
schools (Stuart et al., 2009). Brooks (2011) hypothesizes that the early belief that the
mere presence of technology would lead directly to increased student learning dissuaded
principals from feeling the need to be involved in ICT implementation.

45

Technological Pedagogical Content Knowledge (TPACK)
ICT knowledge and skills alone are not sufficient to enable teachers to use
technology effectively (Funkhouser & Mouza, 2013). It has been demonstrated that the
addition of technology to classrooms does not automatically lead to improved student
learning (Brooks, 2011), and that the implementation of technology has strong
connections to pedagogy (Sang et al., 2010; So et al., 2012; Tondeur, Hermans, et al.,
2008). As Graham et al. (2009) write, “Educators soon recognized that technology skills
alone did not serve them well because one could know how to operate a piece of
technology without knowing how to use it effectively to promote student learning” (p.
70). Today there is wide acceptance of the idea that teachers must learn technology skills
within the context of the content they teach (Harris & Hofer, 2009; Rotherham &
Willingham, 2009) and the instructional strategies and pedagogies they employ (An &
Reigeluth, 2011; Ertmer et al., 2012). It is understood that effective integration of
technology is dependent on understanding and taking advantage of interactions between
technology, content, and pedagogy (Angeli & Valanides, 2009; Hofer & Harris, 2010).
As a result, Harris, Mishra and Koehler (2009b) propose that the gap between envisioned
transformative uses of educational technology and more prevalent efficiency-based uses
is rooted in a history of how classroom technology has been supported – including
initiatives tied to specific software, technology-based reform efforts, standardized
professional development programs, and technology focused teacher training. These
approaches tend to focus on the technology to be implemented rather than student
learning and the curriculum to be taught. In response, they propose a professional
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development system rooted in a taxonomy of pedagogical activities specific to different
curricular areas, rather than being techno-centric.
Mishra and Koehler (2006), building on observations made during design
activities in which teaching faculty and students worked together to design online courses
(Koehler & Mishra, 2005), proposed the technological pedagogical content knowledge
framework (TPCK, later changed to TPACK) (Figure 1) to communicate what teachers
needed to know to integrate technology effectively into their teaching.
TPACK is composed of seven knowledge types defined by the diagram in Figure
3. These knowledge types are Content Knowledge (CK), Pedagogical Knowledge (PK),
Technological Knowledge (TK), Pedagogical Content Knowledge (PCK), Technological
Content Knowledge (TCK), Technological Pedagogical Knowledge (TPK), and
Technological Pedagogical Content Knowledge (TPACK). The individual knowledge
types are defined in Table 1.
The TPACK framework has proved to be very popular with both practitioners, as
a model for program development (Baran, Chuang, & Thompson, 2011), and with
researchers, as a way to measure and understand the complex interplay between factors
impacting technology integration (Abbitt, 2011). Jordan and Dinh (2012), in their review
of trends in TPACK research, identified 286 papers relating to TPACK published
between its inception in 2006 and 2011. Voogt, Fisser, Pareja Roblin, Tondeur, & van
Braak (2013) identified 56 studies over the same time frame that made “explicit
contributions to…advancing the theoretical foundations of the framework or developing
teacher TPACK” (p. 110).
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Table 1
The seven types of knowledge within the TPACK framework. Modified from Mishra and
Koehler (2006).
Type of Knowledge
Description
Content Knowledge
Knowledge of the subject matter to be taught, including
(CK)
knowledge of core facts, concepts, theories, and procedures
within the discipline
Pedagogical
Knowledge of the processes and practices of teaching,
Knowledge (PK)
including classroom management, lesson plan development
and delivery, student evaluation, and an understanding of
cognitive, social and developmental theories
Technological
Knowledge of digital technologies and the skills required to
Knowledge (TK)
operate them. They include knowledge of operating systems,
computer hardware, software, and the ability to learn and
adapt to new technologies
Pedagogical Content
Knowledge of what teaching approaches fit the content, and
Knowledge (PCK)
likewise, knowing how content can be arranged for better
teaching
Technological Content Knowledge of what technologies are suitable for specific
Knowledge (TCK)
content, as well as how technology influences and changes
the nature of content
Technological
Knowledge of technological tools for specific classroom tasks
Pedagogical
such as record keeping, grade books, data analysis, and
Knowledge (TPK)
content organization, as well as how technological tools
change the nature of teaching and learning
Technological
Knowledge of how technology, pedagogy and content interact
Pedagogical Content
differently in different contexts, such as personal versus group
Knowledge (TPACK) learning within biology versus social studies versus math

TPACK has at its foundation pedagogical content knowledge, or PCK, first put
forth by Shulman (1986). The connection of PCK to technology was investigated in a
number of studies including Keating and Evans (2001), who found that personal use of
technology did not translate directly into PCK; Margerum-Leys (2004), who defined
pedagogical content knowledge of educational technology as “knowledge of appropriate
instructional strategies specific to the implementation of technology-enhanced learning
activities” (p. 433); and Niess (2005) who defined technology enhanced PCK (also
abbreviated TPCK) as the “integration of the development of knowledge of subject
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matter with the development of technology and of knowledge of teaching and learning”
(p. 510). Finally, Koehler and Mishra (2005) presented the technological pedagogical
content knowledge framework to promote the understanding that “true technology
integration…is understanding and negotiating the relationships between these three
components of knowledge” (p. 134).
There has been some criticism of TPACK framework due to some study data
demonstrating a lack of distinction between various TPACK constructs (L. M.
Archambault & Barnett, 2010; Graham, 2011; Handal, Campbell, Cavanaugh, Petocz, &
Kelly, 2013; Koh, Chai, & Tsai, 2014). Other criticism arises from what is seen as an
oversimplification of the factors surrounding technology integration by the exclusion of
teacher beliefs and first-order barriers such as access to resources, training and support
(Angeli & Valanides, 2009; Brantley-Dias & Ertmer, 2013; Graham, 2011; Yurdakul et
al., 2012).
Some of this criticism has led to the development of a number of derivatives of
the original TPACK framework. Angeli and Valanides (2009) proposed ICT-TPCK as a
strand of TPACK that limits technology to ICT and adds factors for both considerations
of the learner and teacher context (Figure 3). This model has the added distinction of
considering ICT-TPCK as a distinct body of knowledge rather than an integration of
other forms of knowledge as the visualization of the framework by Mishra and Koehler
(2006) implies. The TPACK-deep model (Yurdakul et al., 2012) is a redefinition of
TPACK to include specific competency areas including designing instruction,
implementing instruction, innovation, ethical awareness, problem solving and field
specialization in order to better measure teachers’ TPACK. Cox and Graham (2009) also
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elaborated the framework by redefining the boundaries between TCK and CK, TPK and
PK, and TPACK and PCK into dynamic interfaces that shift as new technology is
introduced and older technology becomes mainstream, and transparent. Other proposed
changes to the framework include the development of TPASK specifically for science
teachers (Jimoyiannis, 2010), constructivist-oriented TPACK (Koh et al., 2014), TPCKM for math teachers (Landry, 2010), and TPACK for the workplace to acknowledge the
unique contexts that differentiate in-service and pre-service teachers (Phillips, 2013).

Figure 3: ICT-TPCK. From Angeli and Valanides (2009)
Measuring and understanding the TPACK of teachers has been conducted in a
number of ways, including direct observations of teachers performing various tasks
(Graham et al., 2012; Koehler, Mishra, & Yahya, 2007) and rubric analysis of lesson
plans and other curriculum materials developed by teachers (Harris & Hofer, 2011; Hofer
& Grandgenett, 2012). In addition, a number of survey tools have been developed to
measure TPACK through self-reporting methods. The vast majority of surveys
administered are adapted from either the Survey of Preservice Teachers’ Knowledge of
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Teaching and Technology developed by Schmidt et al. (2009) or an adaption of that
survey for subject area specialists by Koh, Chai, and Tsai (2010). Results from surveybased studies have been reported for pre-school educators (Chuang & Ho, 2011; Liang,
Chai, Koh, Yang, & Tsai, 2013) and in-service elementary and secondary teachers
(Avidov-Ungar & Eshet-Alkakay, 2011; Graham et al., 2009; Handal et al., 2013;
Hosseini & Kamal, 2013; Jordan, 2011; Karadeniz & Vatanartıran, 2013; Kazu & Erten,
2014).
Research results from TPACK studies reframe the previously addressed gap
between teacher access to technology and teacher practice in ways that better explain
both the cause and potential ways to remediate the gap (Abbitt, 2011). Chuang and Ho’s
(2011) study of 335 early childhood education teachers in Taiwan showed that while
younger teachers have higher TK, veteran teachers possessed higher PK and PCK.
Jordan’s (2011) survey of 64 Australian P-12 teachers showed a similar high level of
confidence in their TK with lower scores for TPK and TCK. However, Hosseini and
Kamal’s (2013) study of 236 Iranian student teachers showed opposite results for PCK
and TK for beginning teachers. Graham et al. (2012), in a study on the technology
decision making of pre-service teachers found that the most common integration of
technology demonstrated TPK, with TK applied through general teaching strategies.
Avidov-Unger and Eshet-Alkakay’s (2011) study of 100 Israeli elementary school
teachers found a significant correlation between a teacher TPACK and their attitudes
towards change.
The additional data provided by the TPACK measures can help to provide a
roadmap to understanding how to structure professional development and training for
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teachers. Graham et al. (2009) studied how science teachers acquire TPACK and found
that a foundation in TK is essential to developing TPK, TCK and TPACK. Similarly,
Handal et al. (2013) in their study of secondary math teachers found that the strategies
most teachers used involved learning about ICT tools, mastering them, and then adapting
them to their teaching. Koehler et al. (2007) found that pre-service teachers originally
approach PK, TK, and CK as separate concepts but trend towards integration over time
when engaged in their learning technology by design approach in which teachers are
confronted with a design challenge that forces them to be “sensitive to the particular
requirements of the subject matter to be taught, the instructional goals to be achieved, and
what is possible with the technology” (p. 758). Tee and Lee (2011) similarly found that
professional development built on project-based learning pedagogy helped in-service
teachers build TPACK. Another professional development strategy that has emerged
from the TPACK framework is the creation of “Activity Types” developed by Harris and
Hofer (2009, 2011) and Harris et al. (2009b), which allow teachers to compare
appropriate technology to different pedagogical strategies within rubrics for individual
subject areas in order to clearly demonstrate the connections intended to build TPACK.
Finally, the TPACK framework is being employed in program design. Thomas,
Herring, Redmond, and Smaldino (2013) report on the use of the framework to redesign a
teacher education program by including instructional leaders, deans, and department
heads in the development of “fully realized TPACK environments” (p. 55). McGrath,
Karabas, and Willis (2011) describe the successful design of a school district’s
professional development program using the TPACK framework as the foundation for
design, development and deployment. Lastly, Baran et al. (2011) outline a number of
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projects in K-12 schools and higher education in which the TPACK framework is being
used as the basis of programmatic development, taking advantage of the framework’s
“structure to organize the development work around pedagogy and content as well as the
technology” (p. 375).
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CHAPTER 3: METHODOLOGY
Overview
This chapter describes the research design and the methods used to conduct this
descriptive statistical study. Chapter Three includes the purpose statement, the research
questions, the research design, a description of the population and sample, a description
of how the survey instrument was developed and validated, an explanation of how data
was collected and analyzed, and the limitations of the study will also be presented.
Purpose Statement
The purpose of this quantitative descriptive and correlational study is to measure
K-12 public school principals’ technological pedagogical content knowledge (TPACK)
and their technology leadership capacities as defined by the ISTE Standards for
Administrators (International Society for Technology Education, 2009b). Further, this
study will identify if a relationship exists between the TPACK and technology leadership
capacity of principals currently leading schools in the San Francisco Bay Area. Lastly,
this study will test the internal consistency of the Technology Leadership Inventory
(TLI), a survey instrument developed for this study.
Research Questions
This study seeks to answer the following research questions:
1. To what degree do school principals possess technological pedagogical
content knowledge (TPACK)?
a. To what degree do school principals possess technology knowledge (TK)?
b. To what degree do school principals possess content knowledge (CK)?
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c. To what degree do school principals possess pedagogical knowledge
(PK)?
d. To what degree do school principals possess technological content
knowledge (TCK)?
e. To what degree do school principals possess technological pedagogical
knowledge (TPK)
f. To what degree do school principals possess pedagogical content
knowledge (PCK)?
2. To what degree do school principals possess the technology leadership
capacities defined by the ISTE Standards for Administrators in the domains of
1) visionary leadership, 2) digital age learning culture, 3) excellence in
professional practice, 4) systemic improvement, and 5) digital citizenship?
3. Are there significant correlational relationships between reported scores for
the seven TPACK subscales (TK, CK, PK, TCK, TPK, PCK, and TPACK),
and the five ISTE administrative technology leadership standard domains
(visionary leadership, digital age learning culture, excellence in professional
practice, systemic improvement, and digital citizenship) for school principals?
Research Design
A non-experimental descriptive design was used for this study. This type of
research design is appropriate because it describes current traits of a group of subjects,
with no intervention or manipulation of the conditions experienced by the subjects.
Additionally, descriptive designs provide valuable summary data when a subject is
initially being studied in order to compare large numbers of observations (McMillan &
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Schumacher, 2010). In addition to the reporting of simple descriptive statistics, the study
analyzes correlations between the data gathered for the TPACK subscales and the ISTE
administrative standard domains. Correlational analysis permits multiple variables to be
studied simultaneously and describes the strength and direction of the relationship
between those variables (McMillan & Schumacher, 2010; Pallant, 2011). An online
survey tool was deployed to gather data for this study. Surveys are often used in
educational research because they can be efficiently deployed with relatively little cost
and allow generalizability to large populations (Creswell, 2014; McMillan &
Schumacher, 2010). This survey is considered cross-sectional rather than longitudinal
because the data was collected at a single point in time (Creswell, 2014).
Other designs, including ethnographic and case study designs were considered for
this study. However, these designs, while providing more specific context around the
knowledge and activities of individual principals, lack the ability to be able to generalize
findings to the larger population (Patton, 2002). Because of the strong alignment
between a descriptive research design and the purpose and research questions put forth in
this study, a self-reporting online survey of current K-12 public school principals
(Appendix A) was the method chosen to gather data for this study. This method allows
the fast, efficient, and low-cost identification of the characteristics of the sample
population, as well as an exploration of relationships between their reported TPACK and
their reported technology leadership capacities defined by the ISTE Standards for
Administrators.
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Population
McMillan and Schumacher (2010) define a population as “a group of individuals
or events from which a sample is drawn and to which results can be generalized” (p.
489). The target population of this study is California non-charter K-12 public school
principals. Principals play a critical role in the implementation of technology in schools
that includes responsibility for providing personal support for teachers (Tondeur,
Hermans, et al., 2008), use of their pedagogical expertise to lead the technology
purchasing process (Closen et al., 2013), promotion of policies that better enable the use
of technology (Hess & Kelly, 2007), as well as providing vision and promoting a school
culture that embraces digital learning (Anthony, 2012). Greaves et al. (2012), in the
report on research from findings from Project RED, identify change management
leadership by the principal as the second most critical factor in effective technology
implementation. Therefore, the intent of this study is to explore the technology
knowledge and leadership capacities of public school principals as the instructional
leaders and primary agents of change in California schools. Leaders of public charter
schools were excluded from this study due to varied governance structures that are not
always in alignment with traditional K-12 public schools and corresponding schoolwide
differences in decision making-structures (California Department of Education, 2014a)
that make comparisons difficult between their leadership experiences and the leadership
experiences of traditional K-12 school principals. In California, there are 7,555 noncharter public schools that are listed as elementary, middle, or high schools (California
Department of Education, 2014b), thus, while there is some variance in leadership
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structures such as co-principals and other forms of shared or distributed leadership, it is
assumed that there are approximately the same number of principals.
Sample
The sample for this study was drawn from the population of K-12 public school
principals in two San Francisco Bay Area counties (Alameda and Contra Costa) who are
currently leading non-charter public elementary, middle, or high schools. These counties
were chosen for their geographic proximity to the researcher which increased access to
participants, as well as for the wide diversity of schools existing in both urban and
suburban settings and serving a wide range of ethnicities and primary languages within
their boundaries. Table 2 compares student demographic data in each of the two counties
with the state data to demonstrate the diversity of the students served by principals in the
sample compared to those served by principals in the target population. Information from
the California Department of Education (Table 3) indicates 20 public school districts in
Contra Costa County and 22 in Alameda County. Using data from the websites of the
respective county offices of education, 504 non-charter K-12 public schools were
identified. These schools include 340 elementary schools, 88 middle schools, eight K-8
schools, and 68 high schools. This results in a survey population of 504 principals
currently leading these schools.
Individual principals were identified using publicly available information
obtained through online searches of schools and districts in Contra Costa and Alameda
Counties. Each principal’s name and email address was obtained using information
located on individual school and district web sites. Principals were contacted through an
introductory email on May 31, 2015, providing a brief introduction to the study and
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requesting their participation, and including a link to the online survey. Five reminder
emails were sent to those who had neither responded nor opted out between May 31 and
June 19, 2015.
Table 2
Student demographic data for K-12 public schools in Alameda County, Contra Costa
County and California 2013-2014 (California Department of Education, 2014b)
Student Demographic Data

Alameda County

Contra Costa County

California

Total Public K-12 Enrollment

222,681

173,020

6,236,672

White, not Hispanic

46,507 (20.9%)

60,055 (34.7%)

1,559,113 (25.0%)

Hispanic or Latino of Any Race

73,567 (33.0%)

58,062 (33.6%)

3,321,274 (53.3%)

African American

27,233 (12.2%)

17,886 (10.3%)

384,291 (6.16%)

Asian

49,747 (22.3%)

19,552 (11.3%)

542,540 (8.7%)

Pacific Islander

2,679 (1.2%)

1,199 (0.7%)

32,821 (0.5%)

Filipino

10,933 (4.9%)

7,110 (4.1%)

151,745 (2.4%)

789 (0.4%)

605 (0.3%)

38,616 (0.6%)

9,877 (4.4%)

7,768 (4.5%)

167,143 (2.7%)

48,434 (21.8%)

30,730 (17.8%)

1,413,589 (22.7%)

American Indian
Two or More Races
English Language Learners

Table 3
Number and type of non-charter K-12 public schools in Alameda County, Contra Costa
County identified for this study, and California 2014-2015 data (California Department
of Education, 2014b)
Public School Data

Alameda County

Contra Costa County

California

Public School Districts

22

20

1,028

Elementary Schools

196

144

5,341

Intermediate/Middle Schools

46

42

1.160

K – 8 Schools

4

4

High Schools

38

30

1,054

Total sites

284

220

7,555
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Instrumentation
The Principal TPACK Survey (pTPACK) and Technology Leadership Inventory
(TLI) were the instruments employed in this study. The pTPACK Survey is an
adaptation of the Survey of Preservice Teachers’ Knowledge of Teaching and Technology
(Schmidt et al., 2009) for a school principal population. The Technology Leadership
Inventory is composed of original items developed by the researcher to measure progress
towards the ISTE Standards for Administrators (International Society for Technology
Education, 2009a).
Principal TPACK Survey
The Principal TPACK Survey (pTPACK Survey) was adapted from The Survey of
Preservice Teachers’ Knowledge of Teaching and Technology, developed by Schmidt et
al. (2009) to measure the TPACK of pre-service elementary teachers. The survey,
developed to provide a fast and reliable instrument to measure understanding of each
component of the TPACK framework, is composed of 47 items representing each of the
seven knowledge domains that comprise the TPACK construct (see Table 4). These
include technology knowledge (TK), content knowledge (CK), pedagogical knowledge
(PK), pedagogical content knowledge (PCK), technological content knowledge (TCK),
technological pedagogical knowledge (TPK), and technological pedagogical content
knowledge (TPACK). The survey consists of a series of personalized statements about
technology, content, and pedagogy with a five-level Likert scale ranging from ‘strongly
disagree’ to ‘strongly agree’.
Since then the survey has been adapted successfully for a variety of different
populations including Australian PreK-12 in-service teachers (Jordan, 2011), Turkish
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secondary school teachers (Karadeniz & Vatanartıran, 2013), Singapore pre-service
teachers (Koh et al., 2010), middle school math teachers (Landry, 2010) and American
K-12 teachers “certified as accomplished” (Krauskopf & Forssell, 2013).
Several other survey instruments have been independently developed to measure
TPACK in a variety of contexts. Archambault and Crippen (2009) developed an original
survey to measure the TPACK of online distance educators. Graham et al. (2009)
developed a survey to measure the TPACK of in-service science teachers. Koh, Chai,
and Tsai (2014) developed a survey exploring the adaptation the TPACK model to
constructivist teaching methods. In addition, several qualitative tools have also been
developed to measure TPACK, including the use of assessment rubrics for lesson plans
and curriculum materials used and developed by teachers (Harris & Hofer, 2011; Hofer &
Grandgenett, 2012), and for the direct observations of teachers and teacher-candidates
(Graham et al., 2012; Koehler et al., 2007).
However, because of the success of others in adapting the Survey of Preservice
Teachers’ Knowledge of Teaching and Technology to different populations, and the
necessity, based on the study design, to gather quantitative data, the researcher adapted
that survey for school principals in a style similar to Jordan’s (2011) study of PK – 12
teachers. Table 4 shows the alignment between the Survey of Preservice Teachers’
Knowledge of Teaching and Technology and the pTPACK Survey used in this study.
Twelve CK items related to specific content areas were removed and replaced with two
generic statements of content knowledge. Similarly, the four PCK, four TCK, and four
TPACK items relating to specific content areas were combined into single statements
about content taught within the principal’s school. Additionally, several items were
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changed to reflect the schoolwide perspective and instructional leadership responsibilities
of a principal rather than the classroom perspective and responsibilities of a teacher.
Finally, several items were eliminated because they are focused on pre-service teacher
candidates and lacked relevance for the present study and population. The adapted
pTPACK Survey contains 19 items which, as with the original survey by Schmidt et al.
(2009), contains items representing each of the seven knowledge domains that comprise
the TPACK construct.
Table 4
Comparison of Survey of Preservice Teachers' Knowledge of Teaching and Technology
(Schmidt et al., 2009) with adapted principal TPACK items.
Survey of Preservice Teachers' Knowledge of Teaching
Principal TPACK Survey
and Technology (Schmidt et al., 2009)
Technology Knowledge (TK)
• I know how to solve my own technical problems.
• I know how to solve my own technical
problems.
• I can learn technology easily.
• I can learn technology easily.
• I keep up with important new technologies.
• I frequently play around the technology.
• I keep up with important new
technologies.
• I know about a lot of different technologies.
• I have the technical skills I need to use technology.
• I have the technical skills I need to use
technology.
• I have had sufficient opportunities to work with different
technologies.
Content Knowledge (CK)
Mathematics
• I have sufficient knowledge about the
• I have sufficient knowledge about mathematics.
content taught in my school.
• I can use a mathematical way of thinking.
• I have various ways and strategies of
• I have various ways and strategies of developing my
developing my understanding of the
understanding of mathematics.
content taught in my school.
Social Studies
• I have sufficient knowledge about social studies.
• I can use a historical way of thinking.
• I have various ways and strategies of developing my
understanding of social studies.
Science
• I have sufficient knowledge about science.
• I can use a scientific way of thinking.
• I have various ways and strategies of developing my
understanding of science.
Literacy
• I have sufficient knowledge about literacy.
• I can use a literary way of thinking.
• I have various ways and strategies of developing my
understanding of literacy.
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Table 4
Comparison of Survey of Preservice Teachers' Knowledge of Teaching and Technology
(Schmidt et al., 2009) with adapted principal TPACK items.
Pedagogical Knowledge (PK)
• I know how to assess student performance in a classroom.
• I know how to assess student
performance in a classroom.
• I can adapt my teaching based-upon what students
currently understand or do not understand.
• I can demonstrate how to adapt teaching
• I can adapt my teaching style to different learners.
style for different learners.
• I can assess student learning in multiple ways.
• I can demonstrate a wide range of
teaching approaches in a classroom
• I can use a wide range of teaching approaches in a
setting.
classroom setting.
• I am familiar with common student understandings and
• I am familiar with common student
misconceptions.
understandings and misconceptions in a
variety of content areas.
• I know how to organize and maintain classroom
management.
• I know how to organize and maintain
classroom management.
Pedagogical Content Knowledge (PCK)
• I can select effective teaching approaches to guide student
• I can demonstrate effective teaching
thinking and learning in mathematics.
approaches to guide learning in each of
the content areas taught in my school.
• I can select effective teaching approaches to guide student
thinking and learning in literacy.
• I can select effective teaching approaches to guide student
thinking and learning in science.
• I can select effective teaching approaches to guide student
thinking and learning in social studies.
Technological Content Knowledge (TCK)
• I know about technologies that I can use for understanding • I know about technologies that I can use
and doing mathematics.
for understanding and practicing all of
the content taught in my school.
• I know about technologies that I can use for understanding
and doing literacy.
• I know about technologies that I can use for understanding
and doing science.
• I know about technologies that I can use for understanding
and doing social studies.
Technological Pedagogical Knowledge (TPK)
• I can choose technologies that enhance the teaching
• I can choose technologies that enhance
approaches for a lesson.
the teaching of a lesson.
• I can choose technologies that enhance students' learning
• I can choose technologies that increase
for a lesson.
student engagement in learning.
• My teacher education program has caused me to think
• I am thinking critically about how
more deeply about how technology could influence the
technology is used in my school.
teaching approaches I use in my classroom.
• I am thinking critically about how to use technology in my
classroom.
• I can adapt the use of the technologies that I am learning
about to different teaching activities.
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Table 4
Comparison of Survey of Preservice Teachers' Knowledge of Teaching and Technology
(Schmidt et al., 2009) with adapted principal TPACK items.
Technological Pedagogical Content Knowledge (TPACK)
• I can teach lessons that appropriately combine
• I can demonstrate teaching that
mathematics, technologies and teaching approaches.
appropriately combines content
knowledge, technologies and teaching
• I can teach lessons that appropriately combine literacy,
approaches.
technologies and teaching approaches.
• I can teach lessons that appropriately combine science,
• I can select technologies to use in my
technologies and teaching approaches.
school that enhance what is taught, how
it is taught and what students learn.
• I can teach lessons that appropriately combine social
studies, technologies and teaching approaches.
• I can provide leadership in helping
• I can select technologies to use in my classroom that
others to coordinate the use of content,
enhance what I teach, how I teach and what students learn.
technologies and teaching approaches at
my school and/or district.
• I can use strategies that combine content, technologies and
teaching approaches that I learned about in my coursework
in my classroom.
• I can provide leadership in helping others to coordinate the
use of content, technologies and teaching approaches at my
school and/or district.
• I can choose technologies that enhance the content for a
lesson.

Technology Leadership Inventory
The Technology Leadership Inventory (TLI) was developed by the researcher to
measure principals’ progress towards the ISTE Standards for Administrators
(International Society for Technology Education, 2009b). The Principals Technology
Leadership Assessment (PTLA) was developed to measure the technology leadership of
school administrators (Center for the Advanced Study of Technology Leadership in
Education, 2005). The PTLA was designed to align with the ISTE National Educational
Technology Standards (NETS) and Performance Indicators for Administrators
(International Society for Technology Education, 2002). The PTLA has been used in
number of recently published studies on principal technology leadership including
Banoǧlu (2011), Duncan (2011), and Gottwig (2013). However, the ISTE standards for
administrators underwent significant changes with the publication of the most recent
standards in 2009. New standards for administrators and students were deemed
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necessary to address issues surrounding the globalization of education, changes in
technology, the changing demographics of digital learners, and the emergence of new
models of digital learning (Stager, 2007). Due to a desire to understand the relationships
between TPACK and the demands on contemporary technology leaders, as well as the
desire to have survey items match the language style and form of the TPACK survey
items, custom survey items were developed by the researcher to reflect the leadership
attributes outlined in the ISTE Standards for Administrators. The TLI is comprised of 20
items corresponding to each of the five domains within the ISTE standards: 1) Visionary
leadership, 2) Digital age learning culture, 3) Excellence in professional practice, 4)
Systemic improvement, and 5) Digital citizenship. The researcher attempted to create
items that both aligned with the language of the ISTE standards and matched the first
person language and reporting format of the survey by Schmidt et al. (2009) so that the
two could be presented in a single, cohesive survey. Table 5 shows the alignment of the
TLI to the standards.
The combined survey contains the pTPACK survey (19 items) and the TLI (20
items). In addition, demographic information was collected from the respondents. This
information includes, among other items, gender, age, experience, and the type of school
they lead. The demographic information was collected to better describe the sample.
There was no information collected that could be used to identify individuals within the
sample and no answer was required. The survey was conducted through SurveyMonkey
online survey software. Participants were given access to the survey through email
including single use web link to help ensure the reliability of the data gathered. The
combined survey is located in Appendix A.

65

Table 5
Principal Technology Leadership Survey and ISTE-A standard alignment
ISTE Standards for Administrators
(International Society for Technology Education,
2009a)

Technology Leadership Inventory

Visionary Leadership
Educational Administrators inspire and lead development
and implementation of a shared vision for comprehensive
integration of technology to promote excellence and support
transformation throughout the organization.
a. Inspire and facilitate among all stakeholders a shared
vision of purposeful change that maximizes use of digitalage resources to meet and exceed learning goals, support
effective instructional practice, and maximize
performance of district and school leaders
b. Engage in an ongoing process to develop, implement, and
communicate technology-infused strategic plans aligned
with a shared vision
c. Advocate on local, state and national levels for policies,
programs, and funding to support implementation of a
technology-infused vision and strategic plan

• I promote a widely shared vision for technology that
supports teacher practice around maximizing the use of
technology to achieve learning goals.
• I lead an ongoing process of development,
implementation and communication of a strategic
vision for technology use that promotes student
learning in my school.
• I advocate for policies that support the implementation
of my school’s vision for technology.
• I seek funding for the implementation of my school’s
vision for technology.

Digital Age Learning Culture
Educational Administrators create, promote, and sustain a
dynamic, digital-age learning culture that provides a
rigorous, relevant, and engaging education for all students.
a. Ensure instructional innovation focused on continuous
improvement of digital-age learning
b. Model and promote the frequent and effective use of
technology for learning
c. Provide learner-centered environments equipped with
technology and learning resources to meet the individual,
diverse needs of all learners
d. Ensure effective practice in the study of technology and its
infusion across the curriculum
e. Promote and participate in local, national, and global
learning communities that stimulate innovation, creativity,
and digital age collaboration

• I ensure the school provides technology and digital
learning resources that meet the individual needs of all
learners.
• I participate in online learning communities that
promote innovation and collaboration.
• I ensure the use of academic research for decisionmaking around technology used for instruction.
• I promote a school culture focused on continued
improvement of learning outcomes using digital tools.

Excellence in Professional Practice
Educational Administrators promote an environment of
professional learning and innovation that empowers
educators to enhance student learning through the infusion of
contemporary technologies and digital resources
a. Allocate time, resources, and access to ensure ongoing
professional growth in technology fluency and integration
b. Facilitate and participate in learning communities that
stimulate, nurture and support administrators, faculty, and
staff in the study and use of technology
c. Promote and model effective communication and
collaboration among stakeholders using digital age tools
d. Stay abreast of educational research and emerging trends
regarding effective use of technology and encourage
evaluation of new technologies for their potential to
improve student learning
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• I allocate time and resources to ensure my teachers
have fluency with technology and knowledge of how to
best integrate technology into instruction.
• I facilitate opportunities for my teachers to participate
in professional learning communities that support their
use of technology.
• I model effective communication and collaboration
with stakeholders using digital tools.
• I stay current regarding research and trends
surrounding the use of technology to improve student
learning.

Table 5
Principal Technology Leadership Survey and ISTE-A standard alignment
Systemic Improvement
Educational Administrators provide digital age
leadership and management to continuously improve
the organization through the effective use of
information and technology resources.
a. Lead purposeful change to maximize the
achievement of learning goals through the
appropriate use of technology and media-rich
resources
b. Collaborate to establish metrics, collect and analyze
data, interpret results, and share findings to improve
staff performance and student learning
c. Recruit and retain highly competent personnel who
use technology creatively and proficiently to
advance academic and operational goals
d. Establish and leverage strategic partnerships to
support systemic improvement
Establish and maintain a robust infrastructure for
technology including integrated, interoperable
technology systems to support management,
operations, teaching, and learning

• I lead the development and maintenance of
technology infrastructure that supports teaching
and learning needs at levels that satisfy
stakeholders.
• I work to develop partnerships with business and
the community that improve technology use in
my school.
• I take account of a person’s technology skills and
ability to infuse technology into learning when
considering them for teaching and leadership
positions.
• I ensure systems are in place to collect, analyze
and share data to improve performance of
teachers and learners.

Digital Citizenship
Educational Administrators model and facilitate
understanding of social, ethical and legal issues and
responsibilities related to an evolving digital culture.
a. Ensure equitable access to appropriate digital tools
and resources to meet the needs of all learners
b. Promote, model and establish policies for safe, legal,
and ethical use of digital information and technology
c. Promote and model responsible social interactions
related to the use of technology and information
Model and facilitate the development of a shared
cultural understanding and involvement in global
issues through the use of contemporary
communication and collaboration tools

• I ensure that all learners have equitable access to
the school’s technology resources.
• I encourage and model safe, responsible and
productive online interactions between all
members of the school community.
• I lead the establishment and enforcement of
policy supporting the safe, legal, and ethical use
of technology by all members of the school
community.
• I model and encourage the use of digital
communication and collaboration tools to further
the development of shared cultural
understandings within the school community.

Validity and Reliability
The pTPACK survey was adapted from the survey by Schmidt et al. (2009) who
reported that internal consistency reliability was acceptable to excellent with Cronbach
alpha scores of .75 to .92 for the seven TPACK domains (Schmidt et al., 2009).
Cronbach alpha scores are considered to show acceptable reliability at a minimum values
of .7 (Pallant, 2011). Since then a wide range of peer-reviewed studies have employed
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this survey or an adaptation of it (Abbitt, 2011) further contributing to the validity and
reliability of this instrument.
The TLI developed for this study underwent expert review to establish content
validity (McMillan & Schumacher, 2010). Four experts were asked to review the TLI
and evaluate the items’ alignment with the ISTE Standards for Administrators, as well as
whether items should be added or deleted. Combined panel expertise included extensive
knowledge of the ISTE standards, experience as principal, experience teaching future
administrators, and experience leading technology integration as a principal. Each panel
member confirmed the instrument was aligned with the ISTE standards. Because this is a
new tool, statistical analysis of internal consistency was conducted and alpha coefficients
were reported for each of the five ISTE standard domains included in the TLI, as well as
for each of the seven pTPACK subscales. McMillan and Schumacher (2010) suggest
alpha coefficients should be reported for every subscale score that is used as a variable.
The combined survey tool was pilot tested by two individuals who are members
of the study population, but who were not included in the study. The individuals
completed the survey and provided feedback about the clarity and comprehension of
specific items and the scale used; they also noted several potential improvements. This
process resulted in several minor changes in language to improve clarity and the deletion
of one of the pTPACK items that was determined to be duplicative.
Data Collection
Upon approval by the Brandman University Institutional Review Board (BUIRB),
data was collected using an online survey delivered through SurveyMonkey, an online
survey service. Each respondent was sent an email requesting his or her participation in
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the study (Appendix B). This email contained a link to the survey with a limit of one
response per computer allowed. To access the survey participants granted informed
consent (Appendix C) and were given a link to the BUIRB’s Research Participant’s Bill
of Rights (Appendix D). The survey was designed to collect personal data and Likert
scale scores for the principal TPACK survey and the Technology Leadership Inventory.
Personal data collected included gender, age, number of years teaching, subjects taught,
number of years in administration and number of years as a principal. The survey was
open to responses from May 31 to June 21, 2015. To ensure the requirements of the
BUIRB were met, the survey did not collect names or other contact information and no
question was required. Respondents were given the option of “Neither agree or disagree”
for questions on which they were neutral or unsure of what answer to give. Once all data
was collected, the data was imported into Statistical Package for Social Sciences (SPSS)
to generate descriptive statistics.
Data Analysis
Analysis of data was conducted using SPSS Statistics Desktop, version 22.0.
Individual survey items were grouped by either TPACK or ISTE standard domain
generating 12 independent variables to be analyzed. The grouping of items by domain is
indicated in Tables 1 and 2. Descriptive statistics reported include both univariate and
bivariate analysis of the data collected. Univariate analysis includes calculation or the
mean and standard deviation for individual items, as well as TPACK and ISTE domain
groups. Additionally, demographic information was reported using percentages,
frequency distributions and means. Bivariate analysis consisted of the computing of
Pearson product-moment correlations between each of the TPACK subscales (TK, CK,
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PK, TCK, TPK, PCK, and TPACK) and ISTE Standards for Administrators domains
(visionary leadership, digital age learning culture, excellence in professional practice,
systemic improvement, and digital citizenship). Pearson product-moment correlations
are employed when both variables use continuous scales. Values generated for Pearson
product-moment correlations range from –1.00 to +1.00, with higher strength of
relationship indicated by scores approaching either –1 or +1. Negative values indicate an
inverse relationship between the two variables. Positive values indicate a positive
relationship between the two variables. Values close to zero are indicative of weak
relationships, or in the case of a zero value, no relationship (McMillan & Schumacher,
2010).
A final set of analyses tested the internal consistency reliability of the Technology
Leadership Inventory (TLI), one of the survey instruments developed for this study.
Internal consistency, indicated by Cronbach’s alpha, refers to the degree to which items
that comprise a scale measure the same underlying traits. Cronbach alpha values range
from 0 to 1 with values above .7 indicating acceptable levels of reliability (McMillan &
Schumacher, 2010; Pallant, 2011). With regard to the TLI, the Cronbach alpha value
indicates the degree to which it can be reliably stated that survey items for the different
ISTE standard domains (visionary leadership, digital age learning culture, excellence in
professional practice, systemic improvement, and digital citizenship) can be considered to
reliably measure the respective domain.
Limitations
The intent of this study was to measure the technological pedagogical content
knowledge of K-12 public school principals (pTPACK) and progress towards the ISTE
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Standards for Administrators using the Technology Leadership Inventory (TLI). This
study adds to the literature regarding technology leadership, the technology capacity of
school principals and the TPACK framework. Several potential limitations were
identified. First, the sample in this study was drawn from two counties that are part of
the San Francisco Bay Area, a highly diverse metropolitan area with a population over 7
million. The ethnic breakdown of the Bay Area is 58% White, 19% Hispanic or Latino,
19% Asian, and 7.5% African American. In addition, 8.6% of individuals in the Bay Area
are classified as living in poverty (U.S. Census Bureau, 2010). The principals within the
sample work in schools that, while sharing similar ethnic and poverty breakdowns as a
whole, are highly varied in terms of wealth, ethnic and language composition, and
location in either urban or suburban settings (California Department of Education,
2014b). Therefore, the results, while potentially generalizable to large and diverse
populations, may not be representative of individual principals operating schools within
specific ethnic, language, and/or socioeconomic contexts. Additionally, all members of
the sample serve as principals of traditional public K-12 schools. Caution should be used
when generalizing this data to principals serving in private, parochial, or non-traditional
settings such as virtual schools.
The data collected in this study was collected at a single point in time with
knowledge of the participants in an effort to provide a snapshot of the knowledge and
practices of the population. Thus, there is no ability to infer future knowledge or
practices from the data. Finally, because the survey items were designed to measure
knowledge and skills that may be perceived by respondents to be job expectations, there
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is a possibility that responses may indicate what they believe their knowledge and
behavior should be, rather than what it actually is.
Summary
The pTPACK survey and the TLI were developed and delivered in a combined
survey to measure the TPACK of school principals and their progress towards the ISTE
Standards for Administrators. Content validity for the pTPACK survey was determined
by a review of previous studies employing both the original and adapted versions of the
Survey of Preservice Teachers’ Knowledge of Teaching and Technology developed by
Schmidt et al. (2009). A panel of experts was employed to establish content validity for
the TLI. Internal consistency reliability for the TLI was determined and alpha
coefficients were reported. The sample consisted of school principals serving in
traditional public schools in two counties that are part of the San Francisco Bay Area.
Participants were emailed a link and completed an online survey delivered through
SurveyMonkey. Univariate and bivariate analysis was performed on the data to
determine overall levels of pTPACK and progress towards the five ISTE standard
domains, as well as the correlation between scores on the two instruments. Specific data
will be reported and discussed further in Chapter Four.
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CHAPTER 4: RESEARCH, DATA COLLECTION AND FINDINGS
Overview
This chapter describes the data collected during the study. Chapter 4 includes the
purpose statement, the research questions, a description of the research methods and data
collection procedures, a summary of the population and sample, and the presentation of
the data collected. This study employed two individual instruments, the Principal
TPACK Survey and the Technology Leadership Inventory, delivered in a web-based
survey to measure technological pedagogical content knowledge (TPACK) and the
technology leadership capacities of public school principals. This data was coded and
analyzed using SPSS Statistics, version 22. The data from that analysis is presented here.
Purpose Statement
The purpose of this quantitative descriptive and correlational study is to measure
K-12 public school principals’ technological pedagogical content knowledge (TPACK)
and their technology leadership capacities as defined by the ISTE Standards for
Administrators (International Society for Technology Education, 2009b). Further, this
study will identify if a relationship exists between the TPACK and technology leadership
capacity of principals currently leading schools in the San Francisco Bay Area. Lastly,
this study will test the internal consistency of the Technology Leadership Inventory
(TLI), a survey instrument developed for this study.
Research Questions
This study seeks to answer the following research questions:
1. To what degree do school principals possess technological pedagogical
content knowledge (TPACK)?
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a. To what degree do school principals possess technology knowledge (TK)?
b. To what degree do school principals possess content knowledge (CK)?
c. To what degree do school principals possess pedagogical knowledge
(PK)?
d. To what degree do school principals possess technological content
knowledge (TCK)?
e. To what degree do school principals possess technological pedagogical
knowledge (TPK)
f. To what degree do school principals possess pedagogical content
knowledge (PCK)?
2. To what degree do school principals possess the technology leadership
capacities defined by the ISTE Standards for Administrators in the domains of
1) visionary leadership, 2) digital age learning culture, 3) excellence in
professional practice, 4) systemic improvement, and 5) digital citizenship?
3. Are there significant correlational relationships between reported scores for
the seven TPACK subscales (TK, CK, PK, TCK, TPK, PCK, and TPACK),
and the five ISTE administrative technology leadership standard domains
(visionary leadership, digital age learning culture, excellence in professional
practice, systemic improvement, and digital citizenship) for school principals?
Research Methods and Data Collection Procedures
This study employed a non-experimental descriptive design intended to provide
insight into the current technology skills and practices of school principals. An online
survey (Appendix A) was used to gather data for this study. The survey is composed of
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the Principal TPACK Survey (pTPACK) and the Technology Leadership Inventory (TLI).
The pTPACK survey is an adaptation of the Survey of Preservice Teachers’ Knowledge
of Teaching and Technology (Schmidt et al., 2009) for a school principal population. The
TLI is composed of original items developed by the researcher to measure progress
towards the ISTE Standards for Administrators (International Society for Technology
Education, 2009a).
K-12 public schools were identified using data on schools gathered from the
websites of the Offices of Education for Alameda and Contra Costa Counties. Potential
participants were identified using data obtained from the respective county office of
education websites and individual school districts. The process resulted in a list 504
principals who met the criteria for study participation. Participants were contacted
directly through email with a link to an online survey (Appendix B) using SurveyMonkey
software. Five reminder emails were sent to those who had neither responded nor opted
out. Overall, access to the survey was emailed to 504 individuals. Seventeen email
addresses failed and 16 individuals opted out. The survey remained open from May 31 –
June 21, 2015 and collected 122 responses, however 10 of these responses were
significantly incomplete and were eliminated, leaving a sample of 112 principals
(22.2%).
Population
The population of this study is California K-12 public school principals.
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Sample
The sample for this study was drawn from the population of K-12 public school
principals in two San Francisco Bay Area counties (Alameda and Contra Costa) who are
currently leading public elementary, middle, or high schools.
Demographic Data
Participants in this study were all currently serving principals in K-12 public
schools in Contra Costa and Alameda Counties in the San Francisco Bay Area.
Participants were asked to respond to a number of items asking for demographic
information and professional history in order to better describe the sample. Data from
these questions is summarized in Table 6.
Table 6
Participant demographic data
Characteristic
Gender
Female
Male
Age
Less than 35
35 – 45
46 – 55
56 – 65
More than 65
Years spent as classroom teacher
Never served as classroom teacher
5 or less
6 – 10
11 – 15
More than 15
Total years as a school administrator
5 or less
6 – 10
11 – 15
More than 15
Total years as a school principal
5 or less
6 – 10
11 – 15
More than 15
Type of school currently serving
Elementary
Middle School/Junior High
High School
Other
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N (112)

%

66
46

58.9
41.1

4
36
44
26
2

3.6
32.1
39.3
23.2
1.8

2
14
54
21
21

1.8
12.5
48.2
18.8
18.8

27
37
28
20

24.1
33.0
25.0
17.9

55
35
17
5

49.1
31.3
15.2
4.5

71
23
13
5

63.4
20.5
11.6
4.5

Presentation and Analysis of Data
Principal TPACK Survey
The Principal TPACK Survey (pTPACK) consisted of 19 items aligned to each of
the TPACK domains. Items consisted of a series of first person statements (i.e. “I know
how to solve my own technical problems”) with a 5-point Likert scale (1-Strongly
Disagree; 2-Disagree; 3-Neither Agree or Disagree; 4-Agree; 5-Strongly Agree). Table 7
shows a summary of responses for each question and indicates each questions alignment
with the seven TPACK domains. In addition, the combined means of the items in each
sub-scale are included.
Table 7
Summary of responses for pTPACK
Sub-Scale/Question
Technological Knowledge (TK)
1. I know how to solve my own technical problems.
2. I can learn technology easily.
3. I keep up with important new technologies.
4. I have the technical skills I need to use technology.
Content Knowledge (CK)
5. I have sufficient knowledge about the content taught in my school.
6. I have various ways and strategies of developing my
understanding of the content taught in my school.
Pedagogical Knowledge (PK)
7. I know how to assess student performance in a classroom.
8. I can demonstrate how to adapt teaching style for different
learners.
9. I can demonstrate a wide range of teaching approaches in a
classroom setting.
10. I am familiar with common student understandings and
misconceptions in a variety of content areas.
11. I know how to organize and maintain classroom management.
Pedagogical Content Knowledge (PCK)
12. I can demonstrate effective teaching approaches to guide learning
in each of the content areas taught in my school.
Technological Content Knowledge (TCK)
13. I know about technologies that I can use for understanding and
practicing all of the content taught in my school.
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N

M
3. 74
3.36
3.99
3.73
3.89
4.25
4.26

SD
.758
1.060
.822
.866
.860
.502
.596

111
112

4.25
4.36
4.42
4.28

.515
.486
.514
.700

111

4.33

.623

112

4.11

.715

112
112

4.65
4.19
4.19

.479
.742
.742

112

3.56
3.56

.957
.957

111
112
110
110
112
110

Table 7
Summary of responses for pTPACK
Technological Pedagogical Knowledge (TPK)
14. I can choose technologies that enhance the teaching of a lesson.
15. I can choose technologies that increase student engagement in
learning.
16. I am thinking critically about how technology is used in my
school.
Technological Pedagogical Content Knowledge (TPACK)
17. I can demonstrate teaching that appropriately combines content
knowledge, technologies and teaching approaches.
18. I can select technologies to use in my school that enhance what is
taught, how it is taught and what students learn.
19. I can provide leadership in helping others to coordinate the use of
content, technologies and teaching approaches at my school and/or
district.

111
112

3.96
3.74
3.82

.703
.860
.841

112

4.31

.672

111

3.80
3.80

.797
.861

112

3.91

.916

111

3.66

.899

Responses range from a low of 3.36 (“I can solve my own technical problems”) to
a high of 4.65 (“I know how to organize and maintain classroom management”). Mean
scores for the categories specifically tied to technology (TK, TCK, TPK, and TPACK)
were generally lower than those not tied to technology (CK, PK, and PCK). Only one
technology related item (“I am thinking critically about how technology is used in my
school”) received a score over four. No non-technology item received a score less than
4.11. Combined means for technology integrated pTPACK items (TK, TCK, TPK, and
TPACK) and non-technology integrated pTPACK items (CK, PK, and PCK) were
calculated with. A one-sample t-test was conducted to assess whether scores on
technology integrated pTPACK items (M=3.80, SD= 0.69) differed significantly from the
mean of the non-technology integrated pTPACK items (M=4.31, SD=0.46). The results
were statistically significant, t (112)=11.9, p< .001, suggesting principals are much more
comfortable with more traditional, non-technological instruction.
Cronbach’s alphas for the pTPACK variables are presented in Table 8. The
results indicate that internal consistency of the pTPACK sub-scales was generally reliable
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(alpha > .7). Alphas were not calculated for content knowledge (CK), pedagogical
knowledge (PK), and technological pedagogical knowledge (TCK) due to an insufficient
number of items for comparison.
Table 8
Cronbach’s alphas for pTPACK sub-scales
TPACK sub-scale
Technological Knowledge
Content Knowledge
Pedagogical Knowledge
Pedagogical Content Knowledge
Technological Content Knowledge
Technological Pedagogical Knowledge
Technological Pedagogical Content Knowledge

alpha
.854
-.854
--.862
.868

Number of Items
4
2
5
1
1
3
3

A series of analyses were conducted to compare results for the pTPACK against
the demographic characteristics of the respondents. Independent-samples t-tests indicated
significant differences in five of the seven pTPACK sub-scale scores based on gender of
the respondent (Table 9). There were significant differences in scores for females
(M=3.56, SD=.753) and males (M=3.95, SD=.720) in TK, t (110) = -2.53, p = .013. In
addition females (M=3.79, SD=.691) reported significantly lower scores than males
(M=4.19, SD=.657) in TPK, t (110) = -3.07, p = .003 and TPACK (females: M=3.62,
SD=.822; males: M=4.05, SD=.691), t (110) = -2.92, p = .004. However, females
reported significantly higher scores than males in both PK (females: M=4.45, SD=.463;
males: M=4.23, SD=.496), t (110) = 2.32, p = .022 and PCK (females: M=4.30, SD=.632;
males: M=4.02, SD=.856), t (110) = 2.00, p = .048.
A series of one-way ANOVA tests were conducted to compare scores in the
pTPACK sub-scales with other demographic data. A one-way ANOVA test is necessary
with independent variables with more than two levels. Results of this analysis are shown
in Table 10. One-way analysis of variance indicated significant differences in TK and
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TPK based on age of respondents, and in CK and PCK based on the type of school setting
the principal is currently serving. Participants were divided into five groups according to
their age (less than 35; 35 to 45; 46 to 55; 56 to 65; more than 65). There was a
statistically significant difference at the p < .005 level in TK scores for the five age
groups: F (4, 107) = 4.3, p = .003. In addition, there was a statistically significant
difference at the p < .05 level in TPK scores based on age: F (4, 107) = 2.7, p = .037.
The type of school served by the principal was divided into four categories (elementary,
middle, high, and other grade configuration). There was a statistically significant
difference at the p < .05 level in CK scores for the four school-type categories: F (3, 108)
= 2.9, p = .040, and a statistically significant difference at the p < .005 level in PCK: F (3,
108) = 5.4, p = .002. There were no other significant differences in pTPACK subscale
scores based on reported respondent characteristics.
Table 9
Results of independent-samples t-test comparing scores for females and males within
pTPACK sub-scales
Technological Knowledge (TK)
Content Knowledge (CK)
Pedagogical Knowledge (PK)
Pedagogical Content Knowledge (PCK)
Technological Content Knowledge (TCK)
Technological Pedagogical Knowledge (TPK)
Technological Pedagogical Content Knowledge
(TPACK)
**. Significant difference at the 0.01 level (2-tailed)
*. Significant difference at the 0.05 level (2-tailed)
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Gender

Mean

Std. Dev.

F
M
F
M
F
M
F
M
F
M
F
M
F
M

3.59
3.95
4.27
4.23
4.45
4.23
4.30
4.02
3.47
3.70
3.79
4.19
3.62
4.05

.753
.720
.521
.480
.463
.496
.632
.856
.964
.940
.691
.657
.822
.692

Sig.
(2-tailed)
.013*
.704
.022*
.048*
.220
.003**
.004**

Table 10
Results of one-way ANOVA tests comparing scores for pTPACK sub-scales with
demographic characteristics
Demographics
Age
less than 35
35 to 45
46 to 55
56 to 65
more than 65

N

TK

CK

PK

PCK

TCK

TPK

TPACK

4
36
44
26
2

4.56
4.03
3.58
3.48
3.50
.003**

4.50
4.24
4.28
4.19
4.00
.732

4.60
4.35
4.35
4.38
4.00
.709

4.50
4.19
4.16
4.19
4.00
.927

4.50
3.75
3.45
3.38
3.00
.115

4.67
4.16
3.81
3.85
3.67
.037*

4.50
4.01
3.62
3.73
3.17
.050*

2
14
54
21
21

2.88
3.91
3.83
3.52
3.67
.185

4.00
4.21
4.22
4.26
4.36
.797

3.80
4.29
4.35
4.27
4.58
.084

3.00
4.00
4.20
4.14
4.43
.077

3.50
3.71
3.61
3.38
3.52
.867

3.83
4.02
4.06
3.71
3.89
.389

3.50
3.85
3.92
3.57
3.70
.467

27
37
28
20

4.01
3.71
3.66
3.52
.138

4.35
4.15
4.34
4.18
.269

4.54
4.33
4.25
4.32
.147

4.44
4.19
4.04
4.05
.164

3.78
3.51
3.46
3.50
.611

4.06
4.14
3.74
3.77
.062

3.90
3.86
3.65
3.75
.642

71
23
13
5

3.73
3.70
3.77
3.85
.978

4.34
4.02
4.27
3.85
.040*

4.43
4.13
4.41
4.36
.086

4.37
3.74
3.92
4.40
.002**

3.69
3.30
3.23
3.80
.186

4.00
3.87
3.83
4.13
.738

3.81
3.67
3.77
4.20
.590

55
35
17
5

3.82
3.69
3.65
3.40
.583

4.21
4.29
4.29
4.30
.871

4.35
4.39
4.33
4.32
.962

4.22
4.17
4.12
4.20
.968

3.58
3.48
3.71
3.40
.859

4.07
3.90
3.76
3.80
.365

3.87
3.69
3.85
3.53
.618

Sig.
Years as a classroom teacher
never served as teacher
5 years or less
6 to 10
11 to 15
more than 15
Sig.
Years as school administrator
5 years or less
6 to 10
11 to 15
more than 15
Sig.
Type of school currently serving
Elementary
Middle School/Junior High
High School
Other K-12 public schools
Sig.
Years as a school principal
5 years or less
6 to 10
11 to 15
more than 15
Sig.

Technology Leadership Inventory
The Technology Leadership Inventory (TLI) consisted of 20 items aligned to each
of the ISTE Standards for Administrator domains. Items consisted of a series of first
person statements (i.e. “I ensure that all learners have equitable access to the school’s
technology resources”) with a 5-point Likert scale (1-Strongly Disagree; 2-Disagree; 3Neither Agree or Disagree; 4-Agree; 5-Strongly Agree). Table 11 shows a summary of
responses for each question and indicates each questions alignment with the five ISTE
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Standards for Administrators domains. In addition, the combined means of the items in
each sub-scale are included.
Table 11
Summary of responses for TLI
N
Visionary Leadership
1. I promote a widely shared vision for technology that supports
teacher practice around maximizing the use of technology to
achieve learning goals.
2. I lead an ongoing process of development, implementation and
communication of a strategic vision for technology use that
promotes student learning in my school.
3. I advocate for policies that support the implementation of my
school’s vision for technology.
4. I seek funding for the implementation of my school’s vision for
technology.
Digital Age Learning Culture
5. I ensure the school provides technology and digital learning
resources that meet the individual needs of all learners.
6. I participate in online learning communities that promote
innovation and collaboration.
7. I ensure the use of academic research for decision-making around
technology used for instruction.
8. I promote a school culture focused on continued improvement of
learning outcomes using digital tools.
Excellence in Professional Practice
9. I allocate time and resources to ensure my teachers have fluency
with technology and knowledge of how to best integrate technology
into instruction.
10. I facilitate opportunities for my teachers to participate in
professional learning communities that support their use of
technology.
11. I model effective communication and collaboration with
stakeholders using digital tools.
12. I stay current regarding research and trends surrounding the use of
technology to improve student learning.
Systemic Improvement
13. I lead the development and maintenance of technology
infrastructure that supports teaching and learning needs at levels
that satisfy stakeholders.
14. I work to develop partnerships with business and the community
that improve technology use in my school.
15. I take account of a person’s technology skills and ability to infuse
technology into learning when considering them for teaching and
leadership positions.
16. I ensure systems are in place to collect, analyze and share data to
improve performance of teachers and learners.
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112

M
4.10
4.11

SD
.587
.635

112

3.89

.798

111

4.22

.578

112

4.19

.886

112

3.70
4.02

.646
.816

112

3.20

1.081

110

3.54

.905

111

4.03

.653

112

3.97
4.02

.547
.684

112

4.13

.691

112

4.07

.707

112

3.65

.898

111

3.62
3.38

.646
.973

112

3.14

1.081

112

3.99

.800

112

3.97

.690

Table 11
Summary of responses for TLI
Digital Citizenship
17. I ensure that all learners have equitable access to the school’s
technology resources.
18. I encourage and model safe, responsible and productive online
interactions between all members of the school community.
19. I lead the establishment and enforcement of policy supporting the
safe, legal, and ethical use of technology by all members of the
school community.
20. I model and encourage the use of digital communication and
collaboration tools to further the development of shared cultural
understandings within the school community.

112

4.22
4.37

.563
.644

111

4.32

.590

112

4.12

.825

112

4.07

.732

Responses range from a low of 3.14 (“I work to develop partnerships with
business and the community that improve technology use in my school”) to a high of 4.37
(“I ensure that all learners have equitable access to the school’s technology resources”).
Two categories (Visionary Leadership (M=4.10, SD= 0.59) and Digital Citizenship
(M=4.22, SD=0.56)) have generally higher scores and combined means of 4.1 or greater,
while two categories (Digital Age Learning Culture (M=3.70, SD=0.65) and Systemic
Improvement (M=3.62, SD=0.65)) have generally lower scores and combined means 3.7
or lower.
Cronbach’s alphas for the TLI sub-scales are presented in Table 12. The results
indicate that internal consistency of the TLI sub-scales was generally reliable (alpha >
.7). The exception was Systemic Improvement (alpha = .690). Internal reliability tests
indicate that removal of question 16 (“I ensure systems are in place to collect, analyze
and share data to improve performance of teachers and learners.”) would change
Cronbach’s alpha for Systemic Improvement to .713 and above the threshold indicating
acceptable internal reliability of the scale.
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Table 12
Cronbach’s alphas for TLI sub-scales
TLI sub-scale
Visionary Leadership
Digital Age Learning Culture
Excellence in Professional Practice
Systemic Improvement
Digital Citizenship

alpha
.825
.730
.708
.690
.810

Number of Items
4
4
4
4
4

A series of analyses were conducted to compare results for the TLI against the
demographic characteristics of the respondents. An independent-samples t-test was
conducted to compare the TLI sub-scale scores for females and males (Table 13). While
the scores of males were higher in each for each of the sub-scales, there were no
significant differences identified between the scores, indicating a much greater similarity
between females and males in their assessment of their technology leadership skills than
in their assessment of their pTPACK.
Table 13
Results of independent-samples t-test comparing scores for females and males within TLI
sub-scales
Visionary Leadership
Digital Age Learning Culture
Excellence in Professional Practice
Systemic Improvement
Digital Citizenship

Gender

Mean

Std. Dev.

F
M
F
M
F
M
F
M
F
M

4.07
4.14
3.66
3.75
3.89
4.09
3.55
3.73
4.19
4.26

.606
.564
.648
.646
.545
.535
.634
.656
.553
.582

Sig.
(2-tailed)
.581
.497
.056
.147
.534

**. Significant difference at the 0.01 level (2-tailed)
*. Significant difference at the 0.05 level (2-tailed)

A series of one-way ANOVA tests were conducted to compare scores in the
TPACK sub-scales with other demographic data. A one-way ANOVA test is necessary
with independent variables with more than two levels. Results of this analysis are shown
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in Table 14. Similar to the independent-samples t-test exploring the relationship of
gender to the TLI sub-scales, the one-way ANOVA tests comparing demographic
characteristics to TLI sub-scales showed no significant differences in scores.
Table 14
Results of one-way ANOVA tests comparing scores for TLI sub-scales with demographic
characteristics
Demographics

N

Visionary
Leadership

Digital Age
Learning
Culture

Excellence
in Prof.
Practice

Systemic
Improve

Digital
Citizenship

Age
less than 35
35 to 45
46 to 55
56 to 65
more than 65

4
36
44
26
2

4.19
4.13
4.04
4.18
3.63
.668

4.06
3.79
3.61
3.69
3.25
.451

4.50
4.07
3.88
3.90
3.88
.161

4.13
3.68
3.55
3.62
3.00
.285

4.25
4.28
4.14
4.26
4.25
.838

2
14
54
21
21

4.00
3.95
4.21
3.91
4.12
.279

3.50
3.55
3.79
3.55
3.71
.525

3.88
3.86
4.03
3.92
3.94
.812

2.88
3.68
3.65
3.64
3.57
.563

4.00
4.00
4.27
4.27
4.21
.559

27
37
28
20

4.12
3.97
4.10
4.30
.253

3.69
3.72
3.60
3.80
.747

4.09
3.99
3.86
3.91
.423

3.74
3.60
3.55
3.60
.749

4.28
4.16
4.23
4.24
.875

71
23
13
5

4.09
4.26
3.77
4.40
.064

3.65
3.86
3.49
4.10
.171

4.00
4.05
3.67
3.95
.209

3.65
3.56
3.42
4.00
.358

4.25
4.21
4.06
4.35
.684

55
35
17
5

4.06
4.14
4.13
4.15
.903

3.71
3.74
3.57
3.70
.861

4.03
3.93
3.91
3.75
.599

3.67
3.59
3.59
3.50
.900

4.20
4.24
4.29
4.10
.880

Sig.
Years as a classroom teacher
never served as teacher
5 years or less
6 to 10
11 to 15
more than 15
Sig.
Years as school administrator
5 years or less
6 to 10
11 to 15
more than 15
Sig.
Type of school currently serving
Elementary
Middle School/Junior High
High School
Other K-12 configuration
Sig.
Years as a school principal
5 years or less
6 to 10
11 to 15
more than 15
Sig.

Correlations Between pTPACK and TLI Sub-scales
Correlations between the pTPACK and TLI sub-scales were investigated using
Pearson product-moment correlation coefficients (Table 15). Results demonstrate
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positive and generally strong relationships between pTPACK and TLI sub-scales. Pallant
(2011, p. 134) indicates the following ranges to help categorize and determine the
strength of correlations: small, r = .10 to .29; medium, r = .30 to .49; large, r = .50 to 1.0.
Correlation coefficients range from r = .223 for CK and Visionary Leadership to r = .663
for TPACK and Excellence in Professional Practice. The relationship between TPACK
and the five TLI sub-scales is particularly strong with r values ranging from .501 to .663
all with p < .0005.
In addition to the relationships between the pTPACK and TLI sub-scales, results
also show strong and positive relationships between individual pTPACK sub-scales as
well as between individual TLI sub-scales. Within pTPACK the relationships between
the sub-scales including technology are particularly strong (e.g. TK and TCK, r = .717, p
< .0005; TPACK and TPK, r = .839, p < .0005). While TPACK has strong, positive and
significant relationships with each pTPACK sub-scale, they are much stronger for TK (r
= .723, p < .0005), TCK (r = .772, p < .0005), and TPK (r = .839, p < .0005) than they
are for CK (r = .363, p < .0005), PK (r = .412, p < .0005), and PCK (r = .263, p < .01) –
the sub-scales that don’t include technology. Between the TLI sub-scales the
relationships are all large with p < .0005. The strongest relationship between the
individual TLI sub-scales is between Visionary Leadership and Digital Age Learning
Culture (r = .774, p < .0005).
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1
1

.421**

CK

**. Correlation is significant at the 0.01 level (2-tailed)
*. Correlation is significant at the 0.05 level (2-tailed)

Digital Citizenship (DC)

Systemic Improvement (SI)

Excellence in Professional
Practice (EPP)

Digital Age Learning Culture
(DLC)

Visionary Leadership (VL)

Technological Pedagogical
Content Knowledge
(TPACK)

Technological Pedagogical
Knowledge (TPK)

Technological Content
Knowledge (TCK)

Pedagogical Content
Knowledge (PCK)

Pedagogical Knowledge
(PK)

Content Knowledge (CK)

Technological Knowledge
(TK)

TK

1

.734**

.369**

.562**
1

.178

PCK

.345**

PK

1

.333**

.435**

.455**

.717**

TCK

1

.722**

.298**

.379**

.244**

.680**

TPK

1

.839**

.772**

.263**

.412**

.363**

.723**

TPACK

1

.560**

.465**

.435**

.228*

.299**

.223*

.356**

VL

1

.774**

.634**

.580**

.529**

.264**

.316**

.260**

.481**

DLC

1

.710**

.705**

.663**

.561**

.507**

.309**

.337**

.324**

.476**

EPP

1

.654**

.668**

.626**

.603**

.488**

.466**

.285**

.376**

.356**

.400**

SI

1

.592**

.620**

.562**

.595**

.501**

.359**

.407**

.304**

.349**

.360**

.300**

DC

Table 15. Pearson product-moment correlation coefficients for pTPACK and TLI
subscales.

Summary
The presentation of this data was structured to address the research questions.
The Principal TPACK Survey data showed a significant difference between scores for
pTPACK sub-scale items that directly include technology (TK, TCK, TPK and TPACK)
and those sub-scale items that did not directly include technology (CK, PK, and PCK).
Technology integrated pTPACK items (M=3.80, SD= 0.69) differed significantly (p <
.001) from the mean of the non-technology integrated pTPACK items (M=4.31,
SD=0.46). In addition, significant differences were found between the sub-scale scores
of females and males. Males scored significantly higher on TK (p < .05), TPK (p <
.005), and TPACK (p < .005), while females scored significantly higher on PK (p < .05)
and PCK (p < .05). Comparisons of differences within other demographic characteristics
and the individual pTPACK sub-scales were mostly insignificant.
The Technology Leadership Inventory data showed two sub-scales, Visionary
Leadership (M = 4.10, SD = .587) and Digital Citizenship (M = 4.22, SD = .563), with
significantly higher scores (p < .001) than the lowest two subscales, Digital Age Learning
Culture (M = 3.70, SD = .646) and Systemic Improvement (M = 3.62, SD = .646). There
were no significant differences in responses for any TLI sub-scale and demographic
characteristics of the participants.
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CHAPTER 5: FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS
Introduction
Schools today are under tremendous pressure to rapidly implement studentcentered, technological-centered educational environments. In most circumstances today,
teachers are seen as primarily responsible for implementing the needed changes, with
innovation seen as “teacher-level phenomenon” (Shear et al., 2011, p. 18). However,
school principals’ control of budget, policy, resources, technical support, professional
development and the teacher evaluation process has a tremendous impact on whether and
how technology is ultimately integrated successfully (Schrum et al., 2011; Shear et al.,
2011). In addition, school principals are often ill prepared to make effective decisions
regarding technology and often have little to no formal training in technology (Anthony,
2012; Closen et al., 2013; Schrum et al., 2011). This gap between the technology
knowledge of school principals and the requisite responsibilities associated with
technology leadership and associated decision-making is important to understand.
The TPACK framework provides a powerful tool for understanding teacher
professional development needs as well as helping teachers conceptualize what good
technology teaching looks like (Harris et al., 2009b). However, while national
technology standards for administrators demonstrate the importance of advanced
knowledge of instructional technology for school principals (International Society for
Technology Education, 2009a), there have been limited studies of the relationship
between principals and school technology integration (Tan, 2010), and no reported effort
to apply the TPACK framework to understanding the role administrators play. The
application of the TPACK framework to school principals will allow a greater
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understanding of the kinds of technology knowledge they possess. In addition to this
basic understanding, it is essential to gain better insight into the technology leadership
capacities possessed by principals and how their TPACK relates to those leadership
capacities. This increased awareness of principals’ technology knowledge and leadership
skills, and the relationship between the two, will aid in better understanding the role
principals play in the implementation of innovative, 21st century technology based
instruction.
Purpose Statement
The purpose of this quantitative descriptive and correlational study is to measure
K-12 public school principals’ technological pedagogical content knowledge and their
technology leadership capacities as defined by the ISTE Standards for Administrators
(International Society for Technology Education, 2009b). Further, this study will identify
if a relationship exists between the TPACK and technology leadership capacity of
principals currently leading schools in the San Francisco Bay Area. Lastly, this study
will test the internal consistency of the Technology Leadership Inventory (TLI), a survey
instrument developed for this study.
Research Questions
This study seeks to answer the following research questions:
1. To what degree do school principals possess technological pedagogical
content knowledge (pTPACK)?
a. To what degree do school principals possess technology knowledge (TK)?
b. To what degree do school principals possess content knowledge (CK)?
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c. To what degree do school principals possess pedagogical knowledge
(PK)?
d. To what degree do school principals possess technological content
knowledge (TCK)?
e. To what degree do school principals possess technological pedagogical
knowledge (TPK)?
f. To what degree do school principals possess pedagogical content
knowledge (PCK)?
2. To what degree do school principals possess the technology leadership
capacities defined by the ISTE Standards for Administrators in the domains of
1) visionary leadership, 2) digital age learning culture, 3) excellence in
professional practice, 4) systemic improvement, and 5) digital citizenship?
3. Are there significant correlational relationships between reported scores for
the seven pTPACK subscales (TK, CK, PK, TCK, TPK, PCK, and TPACK),
and the five ISTE administrative technology leadership standard domains
(visionary leadership, digital age learning culture, excellence in professional
practice, systemic improvement, and digital citizenship) for school principals?
Methodology
This quantitative study employed two instruments, the Principal TPACK survey
(pTPACK) and the Technology Leadership Inventory (TLI) delivered through a single
online survey (Appendix A) in a non-experimental design. The survey was delivered
using SurveyMonkey, an online survey service. Participants were contacted through
email with a link to the survey (Appendix B). The survey was designed to collect
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personal data and scores for the pTPACK survey and the TLI. The 5-point Likert scale
used ranged from ‘strongly disagree’ to ‘strongly agree’. Respondents were given the
option of ‘Neither agree or disagree’ for questions on which they were neutral or unsure
of what answer to give and no question was required. Data was coded and analyzed
using SPSS Statistics, version 22.
Descriptive statistics were generated to provide summary data for each of the
instruments and their sub-scales, and correlational analysis was conducted to explore the
direction and strength of the relationships between the individual instrument sub-scales.
In addition to the primary study instruments, demographic data was collected and
included in the analysis in order to better describe the participants and provide additional
insight into the scores. Personal data collected included gender, age, number of years
teaching, subjects taught, number of years in administration and number of years as a
principal.
Instrumentation
The Principal TPACK Survey (pTPACK) and Technology Leadership Inventory
(TLI) are the instruments employed in this study. The pTPACK survey is an adaptation
of the Survey of Preservice Teachers’ Knowledge of Teaching and Technology (Schmidt
et al., 2009) for a school principal population. The TLI is composed of original items
developed by the researcher to measure progress towards the ISTE Standards for
Administrators (International Society for Technology Education, 2009a).
The pTPACK survey is an adaptation of The Survey of Preservice Teachers’
Knowledge of Teaching and Technology developed by Schmidt et al. (2009) to measure
the TPACK of pre-service elementary teachers and was designed based on the successful
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adaptation of the original survey to measure of TPACK of different populations (Jordan,
2011; Karadeniz & Vatanartıran, 2013; Koh et al., 2010; Krauskopf & Forssell, 2013;
Landry, 2010). The pTPACK survey contains 19 items representing each of the seven
knowledge domains that comprise the TPACK construct (TK, CK, PK, PCK, TCK, TPK,
and TPACK). Individual items from the original survey relating to specific content areas
were replaced with generic statements of content knowledge, some items were changed
to reflect the perspectives of a principal rather than a teacher, and some items were
eliminated because they lacked relevance for the population. Alignment between the
Survey of Preservice Teachers’ Knowledge of Teaching and Technology and the
pTPACK survey is shown in Table 4.
The Technology Leadership Inventory (TLI) was developed to measure
principals’ progress towards the ISTE Standards for Administrators (International Society
for Technology Education, 2009b). The TLI is comprised of 20 items corresponding to
each of the five domains within the ISTE standards: 1) Visionary leadership, 2) Digital
age learning culture, 3) Excellence in professional practice, 4) Systemic improvement,
and 5) Digital citizenship. The researcher attempted to create items that both aligned
with the language of the ISTE standards and matched the first person language and
reporting format of the survey by Schmidt et al. (2009) so that the two could be presented
in a single, cohesive survey. Table 5 shows the alignment of the TLI to the ISTE
standards.
Population and Sample
The population for this study was K-12 public school principals, excluding those
serving in public charter schools and alternative education settings. The sample for this
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study was drawn from the population of K-12 public school principals in two San
Francisco Bay Area counties (Alameda and Contra Costa) who are currently leading
public elementary, middle, or high schools. Five hundred four principals meeting the
criteria of the study were contacted, and 112 principals completed the study survey
(22.2%) currently serving in 71 elementary schools, 23 middle schools, 13 high schools
and 5 schools with non-traditional grade groupings including K-8, preK-2 and 6-12.
Major Findings
Research Question One
Research question one explored the degree do which school principals possess
technological pedagogical content knowledge (TPACK) and included sub questions
associated with principals’ knowledge of each of the pTPACK subscales (TK, CK, PK,
PCK, TCK, TPK, and TPACK).
Based on the findings of this study it is clear that, on average, principals have
generally strong knowledge of the content and pedagogy taught in their school, but much
less knowledge about technology in general and how technology connects to both content
and pedagogy. Results (Table 7) indicate a significant difference in scores between
technology integrated sub-scales (TK: M=3.74, SD=.758; TCK: M=3.56, SD=.957; TPK:
M=3.96, SD=.703; and TPACK: M=3.80, SD=.797) and sub-scales independent of
technology (CK: M=4.25, SD=.502; PK: M=4.36, SD=.486; and PCK: M=4.19,
SD=.742). The combined mean of the technology integrated pTPACK items (M=3.80,
SD=.69) differs significantly from the combined mean of the technology independent
items (M=4.31, SD=.46), t (112)=11.9, p < .001 (two-tailed), suggesting principals are
less comfortable with technology-based instruction than they are with more traditional

94

instruction. For example, principals scored themselves significantly higher on the PK
item “I can demonstrate a wide range of teaching approaches in a classroom setting”
(M=4.33, SD=.623) than they did on the TPACK item “I can demonstrate teaching that
appropriately combines content knowledge, technologies and teaching approaches”
(M=3.80, SD=.861; t (110) = 9.022, p < .0005). This pattern of significantly higher
individual PK, CK, and PCK item scores than TPK, TCK, and TPACK items is
consistent across the data, with the exception of the TPK item “I am thinking critically
about how technology is used in my school” (M=4.31, SD=.672).
In order to more completely understand the participants in the study, analyses
were conducted to compare pTPACK scores with the demographic characteristics of the
respondents (Tables 9 and 10). The individual characteristics provide an additional lens
through which to explore pTPACK and TLI scores. An independent-samples t-test was
conducted to compare the pTPACK sub-scale scores for females and males. Significant
differences were discovered in their scores on the subscales TK, PK, PCK, TPK, and
TPACK. However, the group with the higher scores shifted depending on the sub-scale.
Female respondents scored themselves significantly lower for three of the four
technology-integrated sub-scales (TK, t (110) = -2.53, p = .013; TPK, t (110) = -3.07, p =
.003; TPACK, t (110) = -2.92, p = .004). For sub-scales focused on pedagogy without
technology (PK and PCK) female respondents scored themselves significantly higher
(PK, t (110) = 2.32, p = .022; PCK, t (110) = 2.00, p = .048). Several other studies of
teacher TPACK address gender with mixed results. A study of pre-service and in-service
Iranian teachers showed no significant difference in TPACK based on gender (Hosseini
& Kamal, 2013). However, three other TPACK studies showed gender differences. A
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study of pre-service teachers in Singapore by Koh et al. (2010) reported males as
significantly higher in TK and “Knowledge of Teaching with Technology”, but also
higher in CK. A study of primary teachers in Turkey by Kazu and Erten (2014) found
women scoring significantly higher in PK, and men scoring significantly higher in TPK.
Finally, Jordan (2011) reported males with significantly higher scores in TK, TCK, TPK,
and TPACK, but also PCK, however, women did score significantly higher in PK.
Ultimately, the scores reported in this study indicate that gender is a significant factor in
the TPACK scores for principals, painting a picture of male principals being more
knowledgeable of technology and female teachers being more knowledgeable of
traditional pedagogy.
One-way analysis of variance indicated significant differences in TK and TPK
based on age of respondents, and in CK and PCK based on the type of school setting the
principal is currently serving. Significant differences were discovered in between TK
scores and the age of the respondent (Sig. = .003), as well as for TPK (Sig. = .037) and
TPACK (Sig. = 0.50). Other significant differences appear between the type of school
the principal is currently serving and CK (Sig. = .040) and PCK (Sig. = .002).
Research Question Two
Research question two explored the degree to which school principals possess
technology leadership capacities defined by the ISTE Standards for Administrators in the
domains of 1) visionary leadership, 2) digital age learning culture, 3) excellence in
professional practice, 4) systemic improvement, and 5) digital citizenship.
Scores for the different leadership sub-scales had more variability than the
pTPACK sub-scales (Table 11). Digital Citizenship was the only sub-scale with the
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mean scores of all component items above 4.0, and Systemic Improvement was the only
sub-scale with all component items below 4.0. In general, responses indicate that
principals “promote a widely shared vision for technology” (M=4.11, SD=.635),
“advocate for policies that support the implementation of …technology” (M=4.22,
SD=.578), and “seek funding for the implementation of …technology” (M=4.19,
SD=.886). However, there are also indications they lack the knowledge and skills to
directly engage with the technology in their schools. Scores from the pTPACK survey
indicate they lack knowledge “about technologies that I can use for understanding and
practicing all of the content taught in my school” (M=3.56, SD=.957) and that they are
not ideally equipped to “provide leadership in helping others to coordinate the use of
content, technologies and teaching approaches at my school” (M=3.66, SD=.899). This
lack of direct action is mirrored in the TLI with respondents indicating low scores around
engagement in their own learning (“I participate in online learning communities that
promote innovation and collaboration”, M=3.20, SD=1.08; “I stay current regarding
research and trends surrounding the use of technology to improve student learning”,
M=3.65, SD=.898). Results also indicate that principals often do not “ensure the use of
academic research for decision-making around technology” (M=3.54, SD=.905) and do
not “lead the development and maintenance of technology infrastructure that supports
teaching and learning” (M=3.38, SD=.973).
Additionally, despite lower scores associated with personal learning and the
ability to provide “hands-on” leadership, respondents show a strong orientation towards
safety and equity. The two highest scoring items on the TLI are focused on these ideals
(“I ensure that all learners have equitable access to the school’s technology resources”,
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M=4.37, SD=.644; “I encourage and model safe, responsible and productive online
interactions between all members of the school community”, M=4.32, SD=.590).
Overall, these results indicate that while principals seem generally positively
predisposed to technology integration in their schools and provide some general
advocacy and support for increased safe and equitable use, they show less inclination to
advance their own learning, resulting in less knowledge and fewer skills to provide direct
support and leadership to their school community.
As with the pTPACK sub-scales, in order to more completely understand the
participants in the study, analyses were conducted to compare TLI scores with the
demographic characteristics of the respondents (Tables 13 and 14). However, while the
scores of males were higher in each for each of the sub-scales, independent-samples t-test
indicated no significant differences identified between the scores, indicating a much
greater similarity between females and males in their assessment of their technology
leadership skills than in their assessment of their skills associated with pTPACK.
Similarly, tests for one-way analyses of variance showed no significant
differences in TLI sub-scale scores based on the other demographic characteristics
measured (age, years as classroom teacher, years as a school administrator, type of school
currently serving, and years as a school principal). In fact, most of the sub-scales showed
strong similarity in mean scores across regardless of the characteristics of the
respondents.
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Research Question Three
Research question three explored the strength and direction of the correlational
relationships between reported scores for the seven pTPACK subscales and the five ISTE
administrative technology leadership domains.
Correlations between the pTPACK and TLI sub-scales were investigated using
Pearson product-moment correlation coefficients (Table 15). Results demonstrate
positive and generally strong relationships between pTPACK and TLI sub-scales. Nine
of the 35 relationships between pTPACK and TLI subscales are considered large, 20 of
35 are considered medium and 6 of 35 are considered small. The strongest relationships
are between TCK, TPK, TPACK, and the TLI sub-scales Digital Age Learning Culture
and Excellence in professional practices. The relationships between the TPACK subscale and each of the TLI sub-scales are all considered large. The correlation between the
TPACK subscale and the TLI subscales is particularly strong with r values ranging from
.501 to .663 all with p < .0005. The weakest relationships are found between CK, PK,
and PCK and Visionary Leadership, though they are all still positive and significant. In
general there is a smaller strength of relationship between CK, PK, and PCK and the TLI
sub-scales across the board.
In addition, strong positive correlations exist between the individual pTPACK
sub-scales, as well as between the individual TLI sub-scales. Within pTPACK the
relationships between the sub-scales including technology are particularly strong (e.g. TK
and TCK, r = .717, p < .0005; TPACK and TPK, r = .839, p < .0005). While TPACK
has positive and significant relationships with each pTPACK sub-scale, they are much
stronger for TK (r = .723, p < .0005), TCK (r = .772, p < .0005), and TPK (r = .839, p <
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.0005) than they are for CK (r = .363, p < .0005), PK (r = .412, p < .0005), and PCK (r =
.263, p < .01) – the sub-scales that don’t include technology. Between the TLI sub-scales
the relationships are all large with p < .0005. The strongest relationship between the
individual TLI sub-scales is between Visionary Leadership and Digital Age Learning
Culture (r = .774, p < .0005).
Ultimately, these findings indicate that principals with strong TPACK are also
likely to possess many of the characteristics of strong technology leaders. These results
are consistent with other studies and demonstrate the strong connections between
knowledge, leadership and technology use. Miranda and Russell (2011) reported that at
the school level, the strongest predictor of student technology use was the principal’s
reported technology use. Dawson and Rakes (2003) found that a school’s level of
technology use was directly influenced by the amount and type of technology training
received by the principal. Finally, Anderson and Dexter (2005) found that technology
leadership had a greater impact on technology integration than expenditures on either
technology or infrastructure.
Conclusions
It is clear that traditional education is at a crossroads. Considerable pressures
exist from policy makers and the public to improve results and consistently graduate
students with marketable 21st century skills. In addition, competition from alternative
education providers, including online schools and technology infused charter schools is
increasing at a tremendous rate. Without a change in practice away from schools that
produce a majority of graduates with skills better associated with a factory economy,
market forces will continue to erode the influence of traditional brick-and-mortar public
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schools. Considering the important role that traditional schooling plays in our society,
economy and culture, this is not a change that should simply be accepted as inevitable.
While much of the discussion around technology integration focuses on the role
played by classroom teachers, principals hold an often underappreciated, but perhaps
more important, role in the ways that technology is integrated into schools and
classrooms. The simple fact is that principals who model technology use for learning and
who initiate technology change lead schools with the greatest levels of technology
integration (Anderson & Dexter, 2005; Greaves et al., 2012; Miranda & Russell, 2011).
Thus, if our traditional public schools are to meet the demands put upon them, compete
with non-traditional education providers, and offer learning opportunities relevant to 21st
century students, the professional growth of principals around technology use and
integration into instruction is of the utmost importance.
Based on the findings of this study, it is concluded that many principals lack
important knowledge about technology and the ways technology can be employed to
teach curriculum. While it is clear that principals are thinking critically about the way
technology is used in their schools, their overall lack of technology knowledge and
experience teaching with technology will make 21st century school leadership difficult, if
not impossible, for these individuals. In practice, principals remain focused on traditional
pedagogical approaches to learning. Their greatest areas of strength, as indicated by the
pTPACK survey, were classroom management and assessment of student performance –
two areas of pedagogical practice that are dramatically different in a 21st century learning
environment. When considering their relative weaknesses on pTPACK items focused on
technology, it can be assumed that these identified strengths will not be enough to
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support the transformation of the learning environment necessary to fully address the
challenges before schools. It is of critical importance that principals gain considerable
experience with technology in general and with technology’s effective use in the learning
environment.
Consistent with these conclusions, results from the Technology Leadership
Inventory indicate that, when it comes to technology leadership, principals fail to take
critical action that will lead to effective technology integration. Results do indicate that
principals are actively focused on equity of access, safety, policy development, and
increasing funding for technology. However, they are not involved in technology
learning communities, do not use research for technology decision making, do not stay
current with how technology might be used to improve learning, and do not engage with
the community to improve technology use in their schools. This disconnect between
advocacy, knowledge and action leads to many of the problems that have plagued
technology integration efforts over the past 20 years. These problems include the
purchasing of technology without a clear understanding of how it will be used for
teaching and learning, the implementation of systems that are not well researched, and
the design and approval of policies that are at odds with best practices.
Finally, based on the exceptionally strong and positive correlations between
TPACK and the Technology Leadership Inventory sub-domains, it is concluded that
principals who possess strong TPACK will be the best equipped to lead technology
change. It is to be expected that principals with strong TPACK will be more likely to
possess and communicate a strong vision for the role technology can play in the school
and classroom to promote learning – with both internal and external stakeholders – and
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will be better equipped for technology decision-making. This further reinforces the need
for principals to improve their TPACK and leads to several implications for action.
Implications for Action
This study provides baseline data on the technological pedagogical content
knowledge and technology leadership capacities of public school principals. Based on
this data, as well as literature regarding the characteristics of principals successfully
leading technology efforts at their schools and the role they in school-level technology
integration, there are several recommendations for action.
A much greater effort needs to be made to provide professional development for
principals in the use of technology for teaching and learning. These efforts should begin
by recognizing and building on the relative strengths principals have in content and
traditional pedagogies by targeting TCK, TPK, and TPACK. Just as it does with teacher
professional development, this means moving beyond simple training in technology tools
by providing principals training with technologies designed to improve content learning,
while simultaneously giving them experiences designing technology integrated lessons
and units using this technology. In addition, they should be encouraged to observe and
receive coaching both from outstanding teachers and outstanding technology leaders. To
accomplish this, schools and districts must prioritize and budget for the technology-based
professional training of principals and administrators in addition to their efforts to train
teachers.
Additionally, schools of education involved in the credentialing of school
administrators should include a greater focus on the development of TPACK and
technology leadership capacities. This should be accomplished by the integration of
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technology learning into the curriculum that mirror the ways technology learning is best
done in K-12 classrooms whenever possible. Programs should also develop curriculum
that specifically addresses technology integration from an administrative perspective.
This includes knowledge associated with technology infrastructure and implementation,
as well as effective technology policy, research supporting best practices, the use of data
in technology decision-making and the creation and maintenance of a culture supporting
technology-based learning. In addition, administrative credential students should be
expected to communicate and collaborate using online digital tools as a regular part of
their learning.
Acting principals must also be strongly encouraged and supported in the use of
online and social media tools to stay connected to research and trends in technologybased education. In their position as instructional leaders in organizations increasingly
adopting the use of technology to achieve productivity, educational and learning gains,
principals must model digital age learning and be prepared to make sound decisions
regarding technology purchasing and policies based on academic research and best
practices. Every school administrator must have a professional growth plan that includes
specific activities designed to increase their TPACK. Ultimately, an overall orientation
towards continual digital age learning should be part of the expectations for all
administrators and incentivized by its inclusion in performance evaluation criteria.
Because of the strong relationship between the TPACK of school principals and
their technology leadership capacities, it is clear that there are many ways to approach the
overall task of improving principal knowledge, skills and capacities. Specifically, it is
evident that a focus on improving their TPACK will create the foundation on which to
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build improved technology leadership capacities. Focusing on learning that underscores
and builds understanding of the connections between content, pedagogy and technology
through a variety of different experiences – while also developing their skills leading
others in discovering these connections – is the critical first step.
It is evident that a positive orientation towards technology can be maintained
without strong TPACK. However, this leads to advocates without the background and
knowledge to support and justify their advocacy. It leads to principals seeking funding
for technology without a clear understanding of the impacts they could potentially
achieve. It leads to principals designing and approving policy that is potentially at odds
with best practices. It leads to the design and implementation of systems that are not well
researched. It leads to a herd mentality in which technology is promoted as the answer
without clear conceptions of why it is being implemented and how it will impact teachers
and learning. If we are to create schools that maximize the impact of technology to
improve learning then it is clear that we have work to do to ensure our school’s leaders,
who are a critical part of the equation, are up to the challenges before them.
Recommendations for Further Research
Findings from this study raise the following questions for further research:
1. There is wide acceptance of the idea that teachers should learn technology
within the context of the content they teach (Harris & Hofer, 2009; Rotherham
& Willingham, 2009). However, as instructional leaders of schools serving a
variety of subjects and classroom contexts, what is the best way to increase
pTPACK?
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2. This study does not include data on principal beliefs, which have been shown
to be a critical factor in teacher technology integration (Ertmer & OttenbreitLeftwich, 2010; Kim et al., 2013; Koc, 2013; Kopcha, 2012; Ritzhaupt et al.,
2008). What is the relationship between principals’ beliefs about teaching,
learning and technology and their TPACK and technology leadership
capacities?
3. While this study explores technology leadership capacities of principals, it
does not address a principal’s individual leadership style which has been
shown to be a critical factor in school technology integration (Anderson &
Dexter, 2005). What is the connection between technology leadership
capacities, TPACK and a principal’s leadership style?
4. What is the relationship between TPACK, technology leadership capacities
and student achievement?
5. Are there differences in the way principals design and implement professional
learning for teachers based on their pTPACK?
6. A study by Avidov-Unger and Eshet-Alkakay (2011) found a significant
correlation between teacher TPACK and their attitudes towards change. Is
there a similar correlation between pTPACK and principal attitudes towards
change?
7. This study identifies a clear significant difference in the pTPACK sub-scale
scores based on gender. What is the role principal gender plays in school
technology integration?
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Concluding Remarks and Reflections
There are strong internal and external pressures to increase school technology
integration. Technology expenditures have continued to rise at double digit growth rates,
even with decreasing or stagnant overall school spending (Nagel, 2014). National student
to computer ratios are rapidly trending towards a 1:1 ratio (National Center for Education
Statistics, 2012), with many districts already implementing well publicized 1:1 initiatives
(Fairbanks, 2013; Herold, 2014). The Common Core State Standards and their associated
assessments have spurred tens of billions of dollars in investment for both technology
acquisitions and training for teachers (AccountabilityWorks, 2012). These pressures
have led to technology being placed in schools with little thought to how it would lead to
student learning with policies demonstrating a belief that the physical presence of
technology would lead to improved student learning (Brooks, 2011; Duttdoner et al.,
2005; Ritzhaupt et al., 2008). However, the increased presence of computers has not
been met with corresponding increases in uses that promote student learning, and despite
this fast moving trend, it is widely understood that technology use by teachers and
students lags behind their access to technology (Ottenbreit-Leftwich et al., 2012; Shear et
al., 2011).
Much of the literature regarding technology integration in schools has focused on
technology use, or lack there of, as a teacher-level problem to be fixed by addressing the
readiness, beliefs and needs of teachers (Drent & Meelissen, 2008; Inan & Lowther,
2010; Tondeur, Hermans, et al., 2008). However, there is also understanding that
principals play a complex and important role in the integration of technology in their
schools through their maintaining a technology oriented vision (Miranda & Russell,
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2011), directly supporting technology initiatives (Means, 2010), and through their
technology leadership (Anderson & Dexter, 2005) among other factors. Most recently,
the Project RED national study of the factors that contribute to the successful use of
educational technology lists change management leadership by the principal as the
second most important factor that improves technology learning (Greaves et al., 2012),
and includes possession of both a conceptual and tactical understanding of the role
technology plays in learning, the ability to communicate a shared vision, and the ability
to lead planning of acquisition and implementation of technology.
It was the intent of this study to add to the scholarship surrounding the role
principals play in school technology integration by introducing two new instruments
specifically designed to measure the technological pedagogical content knowledge of
principals (pTPACK) and the technology leadership capacities of principals as defined by
the ISTE Standards for Administrators. The TPACK framework defines the knowledge
required by teachers to successfully integrate technology into the their teaching (Mishra
& Koehler, 2006). By adapting the TPACK framework to a principal perspective
through the Principal TPACK Survey, it was hoped that greater insights would be gained
about the kinds of knowledge principals possess. Similarly, the Technology Leadership
Inventory (TLI) was intended to provide insight into the technology leadership of
principals by translating the ISTE Standards for Administrators into a survey instrument.
The study’s results indicate that this goal was accomplished.
Providing a baseline for principal knowledge and skills, however, is only the start
of the work. There are many questions still to answer, including how to effectively grow
principal knowledge and skills, and how to measure the impact of these on teaching and
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learning. With the continued rapid technological transformation of our places of learning
a certainty, it is my hope that future studies will build on this base of knowledge and lead
to more answers, and, ultimately, a better education for our students.
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APPENDICES
Appendix A
Principal TPACK and Technology Leadership Inventory
1.

2.

3.

4.

5.

6.

7.

Personal Information
What is your gender?
• Female
• Male
What is your age?
• less than 35
• 35 to 45
• 46 to 55
• 56 to 65
• more than 65
How many years did you spend as a classroom teacher?
• I never served as a classroom teacher
• 5 or less
• 6 to 10
• 11 to 15
• More than 15
What subjects did you teach? (Check all that apply)
• Multiple Subjects (Elementary)
• Language Arts
• Social Studies
• Science
• Mathematics
• Visual or Performing Arts
• Foreign Language
• Career and Technical Education
• Physical Education
• Special Education
• I never served as a classroom teacher
• Other: (Please Specify)
How many years have you served as a school administrator (include all positions requiring
an administrative service credential)?
• 5 or less
• 6 to 10
• 11 to 15
• More than 15
How many years have you served as a school principal?
• 5 or less
• 6 to 10
• 11 to 15
• More than 15
At what type of school are you currently the principal?
• Elementary
• Middle School/Jr. High
• High School
• Other: (Please Specify)
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8.

Personal Knowledge, Skills, and Actions
In your role as principal and instructional leader for your school, how would you rate your
level of agreement with the following statements about your knowledge of technology,
content and pedagogy within your school setting?
If you are uncertain of or neutral about your response you may always select "Neither Agree
or Disagree".
(Technology is a broad concept that can mean a lot of different things. For the purpose of
this questionnaire, technology is referring to digital and computer technology/technologies.)
Strongly
Disagree

I know how to solve my own technical
problems. (TK)
I can learn technology easily. (TK)
I keep up with important new technologies.
(TK)
I have the technical skills I need to use
technology. (TK)
I have sufficient knowledge about the content
taught in my school. (CK)
I have various ways and strategies of
developing my understanding of the content
taught in my school. (CK)
I know how to assess student performance in a
classroom. (PK)
I can demonstrate how to adapt teaching style
for different learners. (PK)
I can demonstrate a wide range of teaching
approaches in a classroom setting. (PK)
I am familiar with common student
understandings and misconceptions in a variety
of content areas. (PK)
I know how to organize and maintain
classroom management. (PK)
I can demonstrate effective teaching
approaches to guide learning in each of the
content areas taught in my school. (PCK)
I know about technologies that I can use for
understanding and practicing all of the content
taught in my school. (TCK)
I can choose technologies that enhance the
teaching of a lesson. (TPK)
I can choose technologies that increase student
engagement in learning. (TPK)
I am thinking critically about how technology is
used in my school. (TPK)
I can demonstrate teaching that appropriately
combines content knowledge, technologies and
teaching approaches. (TPACK)
I can select technologies to use in my school
that enhance what is taught, how it is taught
and what students learn. (TPACK)
I can provide leadership in helping others to
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Disagree

Neither
Agree or
Disagree

Agree

Strongly
Agree

coordinate the use of content, technologies and
teaching approaches at my school and/or
district. (TPACK)

9.

In your role as principal and instructional leader for your school, how would you rate your level
of agreement with the following statements about your technology leadership practices?
If you are uncertain of or neutral about your response you may always select "Neither Agree or
Disagree".
(Technology is a broad concept that can mean a lot of different things. For the purpose of this
questionnaire, technology is referring to digital and computer technology/technologies.)
Strongly
Disagree

I promote a widely shared vision for technology
that supports teacher practice around
maximizing the use of technology to achieve
learning goals.
I lead an ongoing process of development,
implementation and communication of a
strategic vision for technology use that promotes
student learning in my school.
I advocate for policies that support the
implementation of my school’s vision for
technology.
I seek funding for the implementation of my
school’s vision for technology.
I ensure the school provides technology and
digital learning resources that meet the
individual needs of all learners.
I participate in online learning communities that
promote innovation and collaboration.
I ensure the use of academic research for
decision-making around technology used for
instruction.
I promote a school culture focused on continued
improvement of learning outcomes using digital
tools.
I allocate time and resources to ensure my
teachers have fluency with technology and
knowledge of how to best integrate technology
into instruction.
I facilitate opportunities for my teachers to
participate in professional learning communities
that support their use of technology.
I model effective communication and
collaboration with stakeholders using digital
tools.
I stay current regarding research and trends
surrounding the use of technology to improve
student learning.
I lead the development and maintenance of
technology infrastructure that supports teaching
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Disagree

Neither
Agree or
Disagree

Agree

Strongly
Agree

and learning needs at levels that satisfy
stakeholders.
I work to develop partnerships with business and
the community that improve technology use in
my school.
I take account of a person’s technology skills
and ability to infuse technology into learning
when considering them for teaching and
leadership positions.
I ensure systems are in place to collect, analyze
and share data to improve performance of
teachers and learners.
I ensure that all learners have equitable access to
the school’s technology resources.
I encourage and model safe, responsible and
productive online interactions between all
members of the school community.
I lead the establishment and enforcement of
policy supporting the safe, legal, and ethical use
of technology by all members of the school
community.
I model and encourage the use of digital
communication and collaboration tools to
further the development of shared cultural
understandings within the school community.
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Appendix B
E-Mail Invitation to Participate in the Study
From: rdepew@brandman.edu via surveymonkey.com
Date: Sunday, May 31, 2015
Subject: School Principal Technology and Leadership Survey (Doctoral Research)
Dear Principal [LastName],
I am a doctoral student in Organizational Leadership at Brandman University. I am
writing to request your participation in a study I am conducting for my dissertation on the
technological pedagogical content knowledge (TPACK) and technology leadership
activities of K-12 public school principals. The goal of the study is to advance the
understanding of the knowledge principals have about technology and its relationship to
the pedagogy employed and the content taught in schools, and to understand how this
knowledge relates to the technology leadership activities in which they are engaged.
Participation in the study involves the completion of an online survey distributed through
surveymonkey.com. It is anticipated that the survey will take about 15 minutes to
complete. There are no additional responsibilities as a participant.
The study is designed to collect data anonymously. While some demographic information
is collected, this information is intended only to provide a clear description of the sample
and will not be connected to individual survey responses. In addition, this study is
designed to collect data only from individuals who are K-12 public school principals
currently serving schools in Alameda and Contra Costa Counties in the San Francisco
Bay Area. If you do not meet this requirement, please do not complete the survey.
All questions or comments about the survey should be addressed to me. You can email
me at rdepew@brandman.edu. All queries will receive a response within 24 hours.
Click the button below to start the survey. Thank you for your participation!
Sincerely,
Randall Depew
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Appendix C
INFORMED CONSENT FORM
Researcher: Randall Depew / rdepew@brandman.edu / 510-685-1703
Research Supervisor: Dr. Tamerin Capellino / capellin@brandman.edu
Study Title: Investigating the Technological Pedagogical Content Knowledge (TPACK)
and Technology Leadership Capacities of K-12 Public School Principals.
What is this study about?
The researcher, a doctoral student in organizational leadership at Brandman University,
wants to understand the technological pedagogical content knowledge (TPACK)
possessed by school principals as well as the actions they take in association with
technology leadership. In addition, relationships that exist between their technology
knowledge, skills, and leadership will be explored.
Why am I being asked to be a part of this study?
You are invited to be in the study because you are currently serving as a public school
principal in either Alameda or Contra Costa County. If you do not meet this description
above, please do not participate in the study.
How long will it take to participate?
It is anticipated that completing the survey will take 15 minutes or less. There is no
further requirement to you once the survey is submitted.
ELECTRONIC CONSENT: Selecting “Agree” means you understand and agree to the
statement below:
I understand that I may refuse to participate in or I may withdraw from this study at any
time without any negative consequences. Also, the researcher may stop the study at any
time. I also understand that no information that identifies me will be released without my
separate consent and that all identifiable information will be protected to the limits
allowed by law. If the study design or the use of the data is to be changed I will be so
informed and my consent re-obtained. I understand that if I have any questions,
comments, or concerns about the study of the informed consent process, I may write or
call the Office of the Vice Chancellor of Academic Affairs, Brandman University, 16355
Laguna Canyon Road, Irvine, CA 92618, Telephone (949)349-7641. I acknowledge that
a have received a copy of this form and Research Participant’s Bill of
Rights: https://irb.brandman.edu/Guidelines_Forms/ResearchParticipantsBillofRights.pdf
Clicking 'Next' below indicates your willingness to participate.
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Appendix D

BRANDMAN UNIVERSITY INSTITUTIONAL REVIEW BOARD
Research Participant’s Bill of Rights
Any person who is requested to consent to participate as a subject in an experiment,
or who is requested to consent on behalf of another, has the following rights:
1.

To be told what the study is attempting to discover.

2. To be told what will happen in the study and whether any of the procedures,
drugs or devices are different from what would be used in standard practice.
3. To be told about the risks, side effects or discomforts of the things that may
happen to him/her.
4. To be told if he/she can expect any benefit from participating and, if so, what the
benefits might be.
5. To be told what other choices he/she has and how they may be better or worse
than being in the study.
6.

To be allowed to ask any questions concerning the study both before agreeing to
be involved and during the course of the study.

7.

To be told what sort of medical treatment is available if any complications arise.

8. To refuse to participate at all before or after the study is started without any
adverse effects.
9. To receive a copy of the signed and dated consent form.
10. To be free of pressures when considering whether he/she wishes to agree to
be in the study.
If at any time you have questions regarding a research study, you should ask the
researchers to answer them. You also may contact the Brandman University
Institutional Review Board, which is concerned with the protection of volunteers in
research projects. The Brandman University Institutional Review Board may be
contacted either by telephoning the Office of Academic Affairs at (949) 341-9937 or by
writing to the Vice Chancellor of Academic Affairs, Brandman University, 16355 Laguna
Canyon Road, Irvine, CA, 92618.

Brandman University IRB

Adopted
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